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The Anaconda smelter has emitted thousands of tons of air pollutants 
(primarily sulfur dioxide and metal particulates) since the time of its 
initial construction in the late 1880s until its permanent closure in 1980. 
One result of this pollution has been the deposition of tremendous quantities 
of trace metals on the surrounding environment.
This investigation, carried out in 1978, focuses on determining the 
levels, distribution and extent of trace metal contamination (copper, lead, 
zinc and cadmium) within a subalpine forest ecosystem located southwest 
of the Anaconda copper smelter. Levels of trace metals in soils, litter, 
understory and overstory vegetation and in the species, Peromyscus 
maniculatus or white-footed deer mouse, were determined for as many as 
seven (7) sites located at increasing distances from the smelter. These 
sites were selected by stratification and were used for the collection of 
complementary ecological and pathological data, the results of which are 
published elsewhere.
Results of this study indicate extremely high levels of copper and 
lead (10 to 100 times background levels) can be found in the soils, litter 
and vegetation within 17 kilometers of the smelter. Zinc and cadmium levels 
in these same environmental compartments are also frequently elevated within 
12 kilometers. Cadmium, and to a lesser degree, arsenic, are accumulating 
well above background levels in liver and kidney tissues of mice.
The variable pattern of trace metal contamination found along the 
distance gradient suggests that complex mountain topography, local 
meteorological conditions and soil types may affect pollutant deposition 
and/or retention at sites such that some sites located close to the smelter 
are less contaminated than similar sites at greater distances.
Comparisons of results with other smelter-related research both near 
Anaconda and elsewhere shows metal levels in soils and litter may be high 
enough to be exerting toxic effects on normal conifer growth and decomposer 
communities. Additionally, cadmium accumulation in mice may be high 
enough to be causing siablethal cellular impacts. These results support 
observations made in complementary research which show that sites 
containing the highest levels of toxic pollutants tend to support the least 
productive or the most poorly structured vegetative communities even when 
other site characteristics are considered.
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Chapter 1 
INTRODUCTION
Smelting activities have taken place in the Anaconda area since the 
early 1880s. As described by others (MacMillan, 1973; Taskey, 1972), the 
principal smelting technique used in the late nineteenth century was the 
open roasting of metal ores. In 1903, the Anaconda Company constructed 
the present-day smelter with its 585—foot stack to more effectively 
disperse emissions.
Although smelting of copper ore was the primary purpose of the 
Anaconda facility, the smelter also processed zinc ores between the early 
1900s and 1930s. Between 1930 and 1969, zinc ores were smelted only 
intermittently. In 1969, all zinc smelting operations were discontinued 
(Munshower, 1972). In the fall of 1980, the Atlantic Richfield Corporation, 
the smelter's current parent company, completely shut down the copper 
smelter. During the time of this study, in 1978, however, the copper 
smelter was fully operational.
Copper smelters release large amounts of sulfur dioxide and trace 
metal pollutants. During the early 1900s, the Anaconda smelter emitted 
more than 2,000 tons of sulfur dioxide, 30 tons of arsenic trioxide and 
eight tons of copper, lead and zinc each day (Taskey, 1972)- In the 
1920s, electrostatic precipitators were added to reduce particulate 
emissions. More recently, the company installed devices to control 
pollutants. An acid plant which recovers 60 to 70 percent of the sulfur 
pollution was completed in the early 1970s. Following acid plant
construction, baghouses and spray chambers designed to trap 99 percent 
of the particulate emissions by weight were added. During the year this 
study took place, the smelter released approximately 700 tons of sulfur 
dioxide and 30 tons of particulate per day (Walsh, in preparation),
Smelter pollution has long been recognized as a major cause of 
serious declines in surrounding vegetative communities (Tourney, 1921;
Gordon and Gorham, 1963; Jordan, 1975; Wood and Walsh, 1976; Freedman 
and Hutchinson, 1980c, Amiro and Courtin, 1981). High sulfur emissions 
generally destroy much of the local overstory vegetation, particularly 
conifers, and often many understory species. Gradual accumulation of 
trace metal pollutants in the soils further inhibits the revegetation 
of many plant species. The persistent toxicity of trace metals, combined 
with the forementioned loss of sensitive overstory and understory species, 
eventually leads to severe soil erosion, particularly on steeper slopes. 
Consequently, there is little normal vegetative cover around most large 
or older smelting facilities, even after pollution reductions or production 
cutbacks.
The general short-term and long-term effects of smelter pollutants 
are well known. This particular study was done to examine the extent 
and nature of trace metal pollution from a copper smelter in a fairly 
complex Rocky Mountain forest ecosystem southwest of the facility. As 
described in the next section, emissions from the Anaconda smelter usually 
followed a southwest gradient, thus severely impacting normal development 
of plant communities in some portions of the Anaconda-Pintler foothills.
Chapter 2 
LITERATURE REVIEW 
Environmental Degradation Near Anaconda
Serious environmental degradation has plagued the Anaconda area 
since smelting began in 1884. During the early 1900s damage attributable 
to the smelter's air pollutants became quite obvious. According to 
early observers of the vegetative damage: "Some of the most striking
devastation by smelter fumes occurred south of the smelter" (Taskey, 1972). 
Others noted visibly damaged conifers 10 miles in all directions from 
Anaconda, and as far as 21 miles southwest. In addition to vegetative 
damage, thousands of livestock in the area died in the early 1900s 
(Taskey, 1972). Animal deaths were primarily attributed to arsenic 
contamination of forage or feed. Up to 1,500 ppm arsenic and 1,800 ppm 
copper were reported in grasses found in the Deer Lodge Valley.
Obviously, millions of tons of airborne wastes have been deposited 
on the region surrounding the smelter during the past 98 years. Recent 
efforts to document the effects of this pollution are showing that, in 
addition to vegetative damage attributable to sulfur dioxide, trace 
metal accumulation also poses significant ecological hazards. Taskey (1972) 
reported that soils within a five—mile radius of the smelter are highly 
contaminated with metals, particularly arsenic, copper, zinc and lead 
and that this contamination was significantly impairing natural vegetative 
succession. Beyond the zone of heavy contamination, Taskey found some 
recovery of native species (previously killed by pollution, logging,
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fire, etc.). Similarly, Hartman (1975) found that high levels of copper, 
cadmium, zinc, and lead in soils are exerting adverse effects on decomposer 
communities. Webb (1977) confirmed the existence of high levels of copper 
within five miles of the smelter. She also demonstrated copper's adverse 
effects on the germination of the grass Elymus cinnereus (basin wild rye) 
under both natural and laboratory conditions. Finally, Munshower (1972) 
reported significant levels of cadmium still recycling between the biotic 
and abiotic compartments (i.e. among soils, plants, animals) of the Deer
Lodge Valley grassland ecosystem 15 to 20 miles north of the smelter.
Because most of these studies focus on contamination within the 
Deer Lodge Valley, they do not clearly describe the nature and extent of 
metal contaunination in the Anaconda-Pintler mountains southwest of the 
smelter. Further, Taskey*s study on soil includes only a very small 
portion of the Anaconda-Pintler foothills, and he did not include sampling 
any biotic compartments. Only Munshower (1972) has studied animal 
accumulation of trace metals near Anaconda, but his study was restricted 
to cadmium.
Ecological Effects of Trace Metal Pollution
Compared to the substantial research that has been done on the
toxicological effects of trace metals (primarily under controlled conditions), 
relatively little work has focused on the large scale ecological 
consequences of trace metal contamination. Recent research indicates that 
trace metals may not only affect organisms directly (i.e., via toxicity), 
but they also seriously impair or interfere with ecologically important 
processes.
One obvious deleterious effect of trace metal pollution, particularly 
in soils and litter, is the direct inhibition of natural revegetation 
processes. Metal contamination of soil surfaces can inhibit seed 
germination and normal root or shoot growth of seedlings (Jordan, 1975; 
Webb, 1977; Taskey, 1972; Balsillie et al., 1978). Jordan found that 
high levels of zinc and cadmium in soils collected near a zinc smelter 
severely stunted plant roots and shoots under controlled conditions.
She concluded these levels were probably high enough to prevent seedling 
re-establishment in the field. She also found that species revegetating 
areas previously damaged both by fire and pollution were composed mainly 
of vegetatively—reproducing species. Jordan's study concluded that the 
excessive zinc and cadmium levels in the soils surrounding the smelter 
inhibited natural reproduction of many native species and that zinc and 
cadmium, rather than sulfur dioxide, were the major causes of vegetation 
damage around the smelter.
Balsillie et al. (1978) found that lettuce and radishes grown in 
soils collected near the Sudbury, Ontario, smelting complexes exhibited 
poor germination rates and stunted root growthy the degree of root 
inhibition was closely related to the distance of the soils from the 
smelters.
Similar damage to revegetation processes was discovered by Taskey
(1972) and Webb (1977) near the Anaconda copper smelter. Taskey found 
significantly reduced growth rates and necrosis in both Douglas fir and 
Lodgepole pine seedlings grown in soils containing 500 to 1,000 ppm or 
more of total heavy metals. These soils were collected within five miles 
of the Anaconda smelter. Webb also found severely stunted roots and
shoots in basin wild rye (fairly tolerant plants) growing in soils 
containing 500 to 1,000 ppm exchangeable copper. Hutchinson and Whitby
(1974) asserted that soil concentrations of nickel and copper surrounding 
the Sudbury smelters were high enough to "present severe problems for 
seedlings establishment and, consequently, revegetation."
In areas where metal concentrations are severe enough to prevent 
proper revegetation, soils can become subject to severe erosion and 
dessication. These secondary problems, in turn, tend to further decrease 
revegetative potentials and ultimately lead to even more degradation of 
soil properties. Johnson et al. (1975) found that the loss of surface 
soils near the mining and smelting complex in Silver Valley, Idaho, 
decreased the fertility, water-holding capacity and effective rooting 
depth of these soils. As a result, the present soil conditions make 
eventual recovery extremely difficult. These authors also documented 
the complete loss of soils from the region's steeper slopes. Because of 
these severe changes in soil and plant processes caused by long-term 
smelter pollution, many investigators believe that the most severely 
denuded areas may remain barren for decades, if not for centuries (Jordan, 
1975? Amiro and Courtin, 1981).
An ultimate ecological side effect of severe heavy metal and/or 
sulfur contamination is the subsequent shift in vegetative communities. 
Such ecological changes have been documented around a number of smelting 
facilities. Buchauer (1973) and Jordan (1975, nee Buchauer) described 
the decline of the community structure of oak forests surrounding a zinc 
smelter, Blauel and Hocking (1974) and more recently Freedman and 
Hutchinson (1980a) and Amiro and Courtin (1981) have described the
striking changes in the natural vegetative communities which once 
surrounded the Sudbury nickel and copper smelting complexes.
High metal concentrations in soils also seem to adversely affect 
decomposer communities and, consequently, decomposition rates and nutrient 
cycling patterns. Hartman (1975) found depauperate fungi communities 
within several miles of the Anaconda smelter; Jordan and Lechevalier
(1975) found a similar decrease in the total numbers of bacteria, 
actinomycetes and fungi as well as reduced diversity in heavy metal- 
contaminated soils near a zinc smelter. A shift to more zinc-tolerant 
species was also noted. Recently, Freedman and Hutchinson (1980b) found 
that the litter standing crop increased at smelter—contaminated sites in 
comparison to uncontaminated sites. Associated field and laboratory 
studies by these same authors showed that the actual decomposition rates 
at the contaminated sites were slower than those at the clean sites. An 
investigation by Chany et al. (1978) showed that decomposer communities 
within urban environments generated significantly less carbon dioxide 
production than identical rural communities. Inman and Parker (1978) 
similarly demonstrated that following similar periods of decomposition, 
urban litter weighed significantly more than comparable amounts of rural 
litter. The urban litter contained high levels of cadmium, zinc, lead 
and copper.
Extensive research has been carried out in Sweden by Rhuling and 
Tyler (1973) on trace metal accumulation effects on litter decompostion 
rates and on nutrient cycling. Their research indicated that as trace 
metal concentrations increased in litter near smelter-contaminated 
areas, carbon dioxide evolution rates decreased, as did the concentrations
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of essential nutrients such as calcium^ manganese, potassium and 
magnesium. They warned that metals may ultimately diminish primary 
productivity.
Accumulation Patterns of Trace Metals
in Soils, Litter and Vegetation
The measuring and monitoring of metal concentrations in air, soil, 
vegetation and, more recently, animals, has been shown to be useful in 
indicating the extent and degree of metallic air pollution (Goodman and 
Roberts, 1971)- In fact, such environmental research (or biological 
monitoring) has shown that specific parts of the environment such as soils 
and/or particular organisms such as mosses or mice or rabbits can be 
ideal indicators of previous or current degrees of environmental 
contamination. Further, biological monitoring can be used to evaluate the 
potential harm that a toxic substance can inflict on the environment.
Many investigations have been undertaken to identify trace metal 
fallout and accumulation patterns within the air and soils surrounding 
smelting or metal-reprocessing facilities. These studies show that both 
metal concentrations in the direct fallout or particles contained in rain 
or snow tend to decrease with distance from their source. Roberts et al. 
(1974) has shown that lead concentrations in dustfall around two secondary 
lead smelters in Toronto decreased exponentially with distance. Beavington 
(1977) reported significant inverse correlations between levels of copper, 
zinc, lead and cadmium in both rainwater and dry deposition with distance 
from a smelting region in Australia. Results showing dramatic decreases 
in nickel and copper concentrations with distance were similarly illustrated
by Hutchinson and Whitby (1974) in rainfall near Sudbury, Ontario, and by 
Hocking and Blauel (1977) in snow near Thompson, Manitoba,
Metal contamination of surface soils, the ultimate terrestrial sink 
for airborne metallic pollutants, usually reflects this same pattern of 
decline with distance from industrial sources. Significant exponential 
declines of metal concentrations in surface soils were documented by 
Rutherford and Bray (1979) for nickel near a nickel smelter; by Wood and 
Nash (1976) for copper, cadmium, lead, arsenic and iron near three 
smelters in Sudbury, and by Temple et al. (1977) for arsenic near two 
lead smelters- Little and Martin's (1972) comprehensive research around 
the “world's largest lead and zinc smelters" supported the results of 
these other studies; also, the authors illustrated that soil metal 
concentration contours followed the directions of the prevailing winds. 
Surface soil concentrations of cadmium were also shown to decrease with 
distance from the Anaconda smelter (Munshower, 1972). Munshower described 
this relationship as a function of the inverse square of the distance. 
Freedman and Hutchinson (1980a) found that nickel and copper concentrations 
in soils near Sudbury, Ontario, declined as primarily logarithmic or 
square—root functions of distance.
Variations within this pattern have also been repoted. After an 
extensive soil survey around the Coniston, Ontario, nickel smelter, 
Rutherford and Bray (1979) illustrated the complicating effect of variable 
topography on soil metal concentrations- They found that soils from eroded 
and exposed sites (where sulfur dioxide pollution had destroyed vegetation) 
often contained less nickel and copper than adjacent side-slope soils or 
even depression or valley bottom soils farther from the smelter. Thus,
10
terrain and erosion factors can modify general declining patterns in 
metal concentrations.
Often levels of some trace metals do not follow this declining trend 
with distance. For example, distance—related patterns did not apply to 
aluminum, manganese, vanadium or zinc in the soils sampled around the 
Sudbury smelting complexes (Hutchinson and Whitby, 1974). The authors 
contend that trace metals which are not emitted as pollutants show no 
functional relationship with distance from smelters.
The bulk of the contaminating metals are relatively insoluble metal 
oxides which remain on the soil surface. Those oxides which ionize 
through biochemical or geochemical processes tend to be immediately 
complexed by cation attraction or organic chelation within the top few 
centimeters of soil (Berry and Wallace, 1974). Buchauer (1973) discovered 
that as much as 85 to 95 percent of the total zinc and 95 percent of the 
total cadmium was within the top 15 cm. Munshower (1972) similarly found 
that 65 percent of the total soil cadmium in the profile was in the top 
11 cm of Deer Lodge Valley soil, and nearly all of this was within the 
top soil horizon. Beavington (1973) reported that 43 percent of the zinc, 
50 percent of the cadmium and 67 percent of the copper and lead were in 
the top five cm of soil; more than 80 percent of all these elements were 
in the top 15 cm. Lagerwerff et al. (1973) compared metal concentrations 
in the soil profiles of unprotected and protected (under homes) soils 
near a smelter in Kansas. He found increases in metal concentrations in 
the upper horizons of the exposed soil profiles as compared to the 
protected profiles. Thus, the profile patterns of heavy metal contaminants 
typically show an abrupt decline with depth. In contrast, natural or
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"normal" metal concentrations in unpolluted soil profiles appear to change 
minimally with depth (Hutchinson and Whitby, 1974; Lagerwerff et al.,
(1973) .
Even in metal-polluted soils, there are variations in the decline 
with depth patterns. Rutherford and Bray (1979) noted the appearance of 
high secondary maxima and nearly uniform values in soil profile metal 
concentrations in the Sudbury smelting region. They attributed these 
modified profiles to the depositional nature and erosion of the area's 
soils (i.e., the deposition of "polluted" soils or dusts over other 
previously contaminated soils) and/or to the acidification of the soils 
which allowed metals to leach into deeper layers.
Chemical analyses of various plant species can also indicate the 
extent or magnitude of metallic pollutions. However, these results 
can often be complicated by a number of factors. First, the shape, size, 
orientation, relative positions, degree of exposure, etc. of sait^led 
plants or plant tissues can affect their ability to intercept and 
accumulate airborne pollutants. For example. Little and Martin (1972) 
found that leaves from elm and oak trees collected on the "sheltered" or 
downwind side away from the smelter contained comparable or even higher 
concentrations than leaves collected from the "exposed" or upwind side. 
These authors attributed this phenomenon to the aerodynamics of the trees 
which slowed wind speeds on the tree's leedward side, and thereby allowed 
greater precipitation of these airborne metals on the downwind side.
Another factor which affects accumulation of metal pollutants is 
plants' abilities to absorb or adsorb certain airborne metals or metal 
forms preferentially. For example, after comparing concentrations in
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washed and unwashed leaves from the same branches on trees. Little and 
Martin (1972) found washing eliminated more lead than it did zinc or 
cadmium. The authors suggested that at least some of the zinc and cadmium 
emissions had partially penetrated the leaves, whereas most of the lead 
had not.
Available literature also indicates that precipitation patterns and 
winds may affect the levels of a particular metal in or on plant tissues. 
Recent research by Brabec et al, (1980) seems to show that wind generally 
removes more freely deposited airborne particles than wet or rainwater- 
carried particles. These authors found these latter types of metal 
particles tended to concentrate in natural macroscopic cavities in the 
plant tissues where they became fairly stabilized and resisted removal. 
Therefore, the amount and type of precipitation, as well as the location of 
the vegetation, affect metal accumulation patterns in plants.
Finally, researchers have demonstrated that biologically active metals 
such as zinc and copper are more easily translocated from roots to leaves 
than nonessential metals such as lead and cadmium (Barry and Clarke, 1978 ) 
Thus, some of the metal content of foliage may be due to internal trans­
location as well as aerial deposition.
In spite of various internal and external factors affecting plant 
accumulation of metals, most investigations around smelters show that 
metallic levels in plants decrease with distance from the smelter.
Buchauer's research (1973) on zinc and cadmium levels in deciduous 
vegetation near a large zinc smelter found that logarithmic transformations 
of both metal concentrations and distance best linearized and normalized 
vegetation. Significant log/log relationships were also discovered by
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Hocking and Blauel (1977) for copper, nickel and sulfur in litter collected 
around a nickel smelter in Thompson, Manitoba.
Trace Metal Accumulation Patterns and Effects on Animals
Animals can be used quite successfully both to monitor the extent or 
magnitude of metal pollution and to identify potential threats to other 
animal species, including man. Lead levels in small mammals and 
invertebrates, for example, can indicate the extent of this type of 
pollution associated with highways. Results from studies using these 
animals showed significant lead levels in animals collected near heavily 
travelled highways, but these levels decreased both with increasing 
distance and with decreasing traffic volumes (Goldsmith et al., 1978;
Jeffries and French, 1972; Mierau and Favarce, 1975; Quarles et al., 1974; 
Welch and Dick, 1975). Small mammals and/or birds have also been shown to 
accumulate metals such as cadmium or lead from sludge-fertilized environments 
(Williams, et al,, 1978; Beardsly, et al, 1978; Furr et al., 1976) and 
from urban environments (Getz et al., 1977; Martin and Nickerson, 1973; 
Hutton, 1980).
Among the few scientists who have attempted to assess the degree of 
accumulation or the effects of industrial airborne metals on terrestrial 
animals. Bull et al, (1977) found significantly elevated levels of mercury 
in voles and invertebrates living around a chlor—alkali plant, Dmowski 
and Karolewski (1979) attempted to measure metal accumulation in soils, 
plants and animals near a zinc smelter and a steelworks plant and to 
determine how metal levels might vary or accumulate within several trophic
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levels. Their results demonstrated that there were marked increases in 
zinc, cadmium and lead levels in all trophic levels near the zinc smelter 
when compared to an uncontaminated community. Their results further showed 
that, in spite of relatively low zinc, cadmium and lead levels in vegetation, 
these relative values increased significantly in herbivores (insects, 
amphibians) and slightly more in the next trophic order (birds). Dmowski 
and Karolewski carefully point out, however, that it is difficult to 
measure metal flows in an unclosed ecosystem.
Recent widespread concern about the potentially adverse health 
effects of heavy metals on animal systems has led to extensive research 
on the toxicology of these contaminants. Emphasis seems to have focused 
on identifying dose-response relationships and the clinical or histo- 
pathological symptoms associated with mammalian exposure to trace metals or 
combinations thereof. Although most of these studies have been carried 
out under controlled laboratory conditions, they have made clearer the 
interaction of various heavy metals on animals.
In general, animals have evolved homeostatic mechanisms to control 
the levels of many trace metals, particularly those micronutrients such 
as copper and zinc vital for growth or enzyme reactions (Luckey and 
Venugopal, 1973). However, these homeostatic controls can rarely regulate 
or completely eliminate nonessential metals such as lead, cadmium or 
arsenic in the body. Therefore, nonessential metals are usually much 
more toxic to animals in lower quantities than biologically active metals. 
When continually exposed to above-normal quantities of nonessential 
metals, animals tend to accumulate them in susceptible tissues to which 
metals have an affinity. In enough quantities accumulate, cell and tissue
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damage can occur, often leading to organ or system malfunctions.
The rate and degree at which the metal accumulates, the length of time 
it remains in particular tissues to which it has an affinity, and the 
magnitude of its effects all depend on many environmental and internal 
factors :
1. The chemical and physical form of the metal to which the animal 
is exposed (i.e., whether it is an oxide, aerosol or a dissolved 
cation)-
2. The means by which the animal is exposed (i.e., through its air, 
food, and/or water).
3. The length and magnitude of the exposure (chronic or acute),
4. The species, sex, age, nutrition and general health of the animal.
5- The presence and interactions of other pollutants and/or nutrients.
In general, researchers have found that some chemical forms of a metal
such as trivalent arsenic are more toxic than other forms, such as penta- 
valent arsenic (EPA, 1976). They have generally found that the longer the 
exposure, particularly to relatively large quantities, the greater the 
adverse and possibly irreversible effects (Friberg, et al., 1971; Suzuki, 
1980; Fowler, et al., 1980). The sex, age, and diet of exposed animals can 
also affect the degree of accumulation and, possibly, toxic effects.
Shakman (1974) reviews the literature on a number of these complex inter­
actions, including beneficial, non-beneficial, and synergistic, between 
toxic air pollutants and nutritional balances within animals. Others have 
examined effects of several metals: heavy metals in general (Schroeder, et
al., 1964; Schroeder and Nasson, 1974); cadmium and calicum (Fowler et al,.
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1975; Kello et al., 1979); and lead and other metals (Mylroie et al., 1977; 
Wesenberg et al., 1980). In spite of the many factors influencing the 
uptake and toxicity of metals in animals, several trends in the metabolism, 
dynamics and effects of lead, arsenic and cadmium in small mammals have 
been confirmed by laboratory study.
Lead
In general, rodents absorb less than 10 percent of ingested lead 
(Mouw, 1975). Of the lead which is absorbed, most is carried by the 
bloodstream to bone, kidney and liver tissues where it is deposited. 
Depending on the type of exposure, lead can remain affixed to red blood 
cells for some time (Goyer and Rhyne, 1973). Lead is usually deposited 
within the nuclei of either the liver cells or the kidney proximal 
tubular cells. These so-called nuclear inclusion bodies, visible via 
electron microscopy, consist of non—diffusible protein-lead complexes; 
their formation seems to be a natural physiological method in animals 
for reducing lead's potential toxicity to the cells (Goyer et al., 1970 
a and b). However, in time, lead accumulation can cause swelling of 
mitochondria, decreased functioning of organelles and increased numbers of 
lysosomes within these cells leading to cell death (Goyer, 1968; Goyer and 
Rhyne, 1973; Hutton, 1980; Fowler, et al., 1980). Increased kidney weights 
attributed to higher fluid levels within cells also has been associated 
with excess lead exposure (Mouw et al,, 1975; Mahaffey and Fowler, 1977; 
Goyer, 1963). Other physiological effects associated with lead poisoning 
in rodents include serious blood disorders, such as depressed hemoglobin 
production and anemia, reduced growth rates in young animals (Kimmel et al - ,
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1980), malfunctions in the central nervous system (Herman et al., 1980) 
and delays in female sexual maturity (Fowler, et al., 1980).
Arsenic
Ascertaining the physiological consequences of arsenic exposure has 
been difficult because of the multiple organic and inorganic reactions 
arsenic can undergo both in the environment and within an organism (Brown, 
et al., 1976; EPA, 1976). The two most common forms of arsenic have diff­
erent toxic effects. As previously mentioned, trivalent arsenic is generally 
believed to be more toxic than pentavalent arsenic (Brown et al,, 1976; EPA, 
1976), Most research has concentrated on these two inorganic forms of 
arsenic both commonly found in smelter emissions.
The fate of arsenic ingested by organisms varies with animal species. 
Arsenic can remain attached to blood cells of rats for long periods of 
time ; however, in most other organisms, arsenic is transferred fairly 
quickly to liver, kidney, spleen and lung tissues (EPA, 1976). In addition, 
arsenic often is readily excreted in urine and deposited in hair, skin, 
and nails. Thus, it has a fairly high turnover rate in most mammals (EPA, 
1976). Many adverse effects have been associated with arsenic accumulation 
in the liver and kidney. Mild physiological or pathological effects include 
swollen kidney proximal tubule cells and fibrotic and fatty liver cells 
(Fowler, et al., 1975; Brown, et al., 1976). More serious diseases 
associated with arsenic exposure include skin disorders, chromosomal 
aberrations, cardiovascular disease, lung and skin cancer, and peri­
pheral neuropathy.
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Arsenic has also been shown to react synergistically with other 
metalsy notably lead and cadmium. For example, Mahaffey and Fowler 
(19 7 7 ) found that the intake of arsenic with either lead or cadmium 
decreased red blood cell production more than either metal did 
independently.
Cadmium
Cadmium differs uniquely from most other potentially toxic metals 
because of its tendency to remain and accumulate within certain tissues 
for extremely long times. The biological half-life of a single cadmium 
exposure has been estimated to be 340 days in mice (Berlin and UHberg, 
1963) or more than two years in monkeys (Friberg et al., 1971).
Chronic exposure to cadmium gradually leads to accumulation in body 
tissues, primarily kidney and liver. Cadmium excretion is slow, but may 
increase gradually with length and magnitude of exposure (Bernard et al., 
1980), At first, the metal accumulates gradually in bile, urine, feces, 
hair and skin, but can increase rapidly in urine if renal dysfunctions 
ensue (Friberg et al., 1971; Berlin and Ullberg, 1963; Bernard et al., 1980) 
After reaching a critical toxic level within the kidney tubule cells, 
cadmium is readily excreted with sloughing dead cells (Stowe et al., 1972; 
Friberg et al., 1971). To a lesser extent, cadmium can also accumulate in 
other tissues such as bones, pancreas, spleen, heart myocardium, testes 
and blood (Kotsonis and Klaassen ̂ 1977). After animals have been exposed 
to a single dose of cadmium, the metal begins to concentrate in the liver 
and other peripheral tissues; however, in time, much of this cadmium 
will be transferred to the kidney, where initial pathological effects may
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occur. Under chronic exposure, cadmium in all tissues, including the 
blood, will remain high and increase with time (Axelsson and Piscator,
1960; Friberg et al., 1971),
Excess cadmium exposure and accumulation can cause severe damage 
within the kidney cortex, primarily the proximal tubule cells, and in 
the liver (Suzuki, 1980), The first histopathological indications of 
cadmium toxicity are increases in the number of small vesicles and dense 
lysosomal bodies in the proximal tubule cells (Squibb et al,, 1979).
Signs of more serious effects include interstitial fibrosis, vacuolation 
within these tubule cells, and destroyed or inadequate nuclei (Axelsson 
and Piscator, 1966), Ultimately, excessive cadmium accumulation within the 
proximal tubular cells causes necrosis, coagulation of cellular material 
and the sloughing off of dead cells into the tubular lumen. This tubular 
degeneration causes proteinuria or excessive excretion of protenacious 
molecules. Proteinuria results from the inability of these kidney tubule 
cells to perform their principal function of absorbing proteins.
Cadmium accumulation in the liver apparently can cause the disappearance 
of glycogen, deposition of collagen (or connective material), fibrosis of 
hepatic portal cells, changes in endoplasmic reticulum and hyperplasia.
As a result, many enzymatic processes, such as the critical carbohydrate 
and phosphate metabolism, are interrupted (Friberg et al., 1971).
Although much human physiological or health—oriented research has 
been carried out near industrial sources of airborne metals, only a few 
studies have focused on the effects of trace metals on native or resident 
animal populations, Mouw (1975) actually documented subiethal lead 
poisoning symptoms in urban rats, which he identified by the presence of
2 0
nuclear inclusions bodies, increased kidney weights and other signs of 
improper red blood cell functioning. Similarly, Roberts et al, (1978) 
noted the occurrence of nuclear inclusion bodies in small mammals trapped 
near metalliferous mines.
Recently, Hutton (1980) found increased kidney weights and nuclear 
inclusion bodies in feral pigeons living in London, England. The pigeons 
with the highest lead levels showed most of these toxic symptoms. However, 
Hutton also found that not all tissues with high lead levels showed all 
of these symptoms. The author suggested that many other biological 
factors, such as zinc levels, can modify or reduce lead toxicity in free- 
living organisms.
chapter 3 
OBJECTIVES
The two principal purposes of this research were to explore the 
nature and extent of trace metal contamination in a forested area south­
west of the Anaconda Copper smelter and to investigate the accumulation of 
toxic trace metals in animals. Few smelter impact studies have taken 
place in rugged mountain terrains typical of the northern Rocky Mountains. 
In addition, most of these studies have not considered the effects of the 
more persistent metallic pollutants on native animals.
To describe the nature, extent and possible effects of trace metal 
smelter pollution on the mountainous forest communities and native animals 
living near Anaconda, the following objectives were identified;
1. To identify the extent of trace metal contamination within 
a single forest community primarily southwest of 
Anaconda,
2. To determine and describe the distribution patterns of 
some of these pollutants as a function of distance from the 
smelter (i.e., do they increase, decrease, shown no 
relationship).
3. To investigate how these distance—related patterns may vary 
between pollutants (such as zinc and cadmium) and/or between 
various environmental compartments (i.e., soils or 
vegetation).
4. To determine if a common and easily trapped small mammal, 
Peromyscus maniculatus (white-footed deer mouse)» is 
accumulating potentially toxic metal levels.
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5. To evaluate the potential ecological and/or biological effects 
such contaminants may be exerting on the ecological processes 
of forest ecosystems and its components.
Because this project is primarily survey-oriented, its purpose also 
includes identifying areas where further research may be desirable.
To meet these objectives, four heavy metals were determined for 
investigation: arsenic, cadmium, copper, lead and zinc. Arsenic, a
lighter or non-metal, was analysed in mouse tissues. Because of its 
consistent association with other metals, arsenic is referred to as a metal 
in this paper. These metals were chosen primarily because they were 
emitted in substantial quantities from the Anaconda smelter and because 
they were the subject of several previous investigations undertaken in the 
Anaconda area. Arsenic, cadmium and lead are all fairly toxic to animal 
life.
This pollution study was part of a larger U.S. Department of 
Agriculture Forest Service project designed to document the possible effects 
of smelter emissions on forest ecosystems. Other portions of this Forest 
Service project are published elsewhere (Walsh and Bissell, 1979; Walsh, in 
preparation), Results of this report are discussed in conjunction with 
relevant parts of these other publications. The Forest Service measured 
additional chemical parameters (primarily nutrients) of the soils, litter 
and vegetation samples collected for trace metal analyses. The results 
of these additional chemical analyses are included in Appendix A.
Chapter 4 
DESCRIPTION OF THE STUDY AREA
Anaconda, Montana, is situated in the southwestern part of the state 
between two mountain ranges: The Anaconda-Pintler to the south and the
Flint Creek to the north. As shown in Figure 1, the study area sits along 
the eastern slopes of these two mountain ranges. The Pintler range 
extends southwest from Anaconda for approximately 40 miles. It is composed 
of a narrow chain of high peaks and forms part of the Continental Divide 
which cuts across the study area approximately six miles south of the 
smelter and continues east to the Pioneer Range. Although the divide at 
this point is relatively low (6,700 to 6,800 feet), it effectively separates 
the Deer Lodge Valley from the Big Hole Valley to the south (Figure 2) .
From Anaconda, the Flint Creek range extends north for 30 miles and 
forms the western border of the Deer Lodge Valley. Although most of the 
study area centers on the region southwest of Anaconda, it does include 
one site located on the east flank of the Flint Creek range, 20 miles 
north of Anaconda.
The Anaconda—Pintler and Flint Creek mountains were formed during 
the Laramide orogeny which began uplifiting the Rocky Mountains about 60 
to 70 million years ago during the Tertiary Period. Early in this period, 
the area was intruded by a large molten mass which slowly cooled to form 
granitic intrusions. This granitic formation, known as the Boulder 
batholith, shaped many of the high peaks and ridges of the study area. 
Simultaneously with the batholith's uplifting and intruding, the region's
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Study Area location.
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Figure 2
View of the Anaconda-Pintler Range from the Big Hole Valley 
(25 miles south of Anaconda, Montana).
25
Figure 3
Views of erosion on the Anaconda-Pintler foothills south of the 
smelter. Top; facing C-Hill; bottom: near Divide.
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previously layered sedimentary rocks were metamorphized into gneisses and 
quartzite. These metamorphic materials make up a good part of the study 
area's existing parent materials, particularly immediately south of 
Anaconda.
During the mountain building episodes, there were a number of 
volcanic eruptions along the Continental Divide just southwest of Anaconda- 
Some of the volcanic materials, such as tuff and ryolite, have become the 
parent materials of the site located on the Continental Divide. Finally 
and most recently, glaciers formed in most of the mountain valleys and 
carried down and deposited large quantities of broken-up, unsorted 
materials (granite, quartz, gneiss, etc.) along the foothills. Many of the 
soils in lower elevations of the study area are derived from these glacial 
materials.
Human activities complicate this region's already multivaried 
geography and geology. Signs of historic as well as current logging 
activities are apparent throughout the study area. Further, the smelter's 
initial detrimental impact on nearby vegetation is still apparent. As 
shown in Figure 3, the region surrounding Anaconda suffers from extensive 
topsoil erosion and a prominant lack of cover in previously forested 
areas.
The history of fires in the study area is equally complex. Evidence 
of both recent and historic fires exist throughout the Anaconda-Pintler 
and Flint Creek ranges. Most of the study area southwest of the smelter 
was burned during the early 1900s (Taskey, 1972).
A good portion of the study area is publically owned. Of significant 
importance for wildlife is the Mt. Haggin Game Range, owned by the state
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Fish, Wildlife and Parks Department, which comprises over 40,000 acres. 
This game range is located just south of Anaconda as shown in Figure 1. 
In addition, most of the Anaconda-Pintler range consists of National 
Forest Service lands. The higher elevations of these mountains are part 
of the Anaconda-Pintler Wilderness area.
The prevailing wind patterns at stack height in Anaconda are 
depicted in seasonal wind roses in Figure 4- Winds blow predominately 
southwest, particularly during the winter months (Taskey, 197 2).
Figure 4
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METHODS
Introduction
To determine how far trace metal pollutants extend from Anaconda and 
how they are distributed across and within the environment, samples of 
soils, litter, common vegetative species and mice were collected at 
varying distances from the smelter. Most of the sites were southwest 
of Anaconda, along the foothills of the Anaconda-Pintler mountains; 
however, one site was north of the smelter in the Flint Creek range. To 
simplify site selections within this highly complex mountain region, a 
stratified random sampling strategy was employed.
Site Selection
Soils, Litter, Vegetation
Soils, litter and vegetation samples were collected from seven sites 
established by the U.S. Forest Service. Detailed descriptions of the 
Forest Service site selection strategy and criteria can be found in Walsh 
(in preparation). Essentially, the Forest Service employed a stratified 
random sampling strategy designed to minimize potential variability due 
to natural causes, i.e., slope, elevation, aspect and community composition 
at various sites.
Agency personnel chose to measure differences in certain parameters 
along a single directional distance gradient leading away from the smelter.
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This method has been used by many other scientists investigating trace 
metal pollution near smelters to reduce study area, sample sizes, natural 
variations, and duplicate sampling. Using this same approach allowed 
comparisons of this study with similarly constructed research reported 
in the literature.
Although all sites were located on relatively exposed ridges or 
knolls, only those sites closest to Anaconda exhibited severe soil 
erosion (See Table 1 and Figure 3).
Based on aerial and ground surveys of the study area, the Forest 
Service stratified data collection by locating sampling sites on selected 
ridgetops which jut somewhat uniformly from the high peaks of the 
Anaconda—Pintlar or Flint Creek Mountains in the study area. Photographs 
of several selected sites in the study area are presented in Figures 5a,b,c
All sites are located between 2100 and 2160 meters (6900 to 7100 
feet) above sea level on 10 to 20 percent slopes. These slopes generally 
face eastward. Detailed site characteristics are contained in Tables 1 
and 2. All sites support similar, although not identical, habitat types. 
East of the Continental Divide, the sites are classified according to 
Pfister (1979) as either Abies lasiocarpa/Vacci^ium scoparium (subalpine 
fir-whitebark pine/dwarf huckleberry) or A. lasiocarpa-Pinus albicaulis/
V̂. scoparium. P̂. albicaulis apparently enters these habitat types on the 
higher more severe sites (Pfister et al., 1978). The Deer Lodge and 
LaMarche Creek sites support A. lasiocarpa/xerophyllum tenax - V. 
scoparium (beargrass-huckleberry) habitat type. This habitat is 
considered to be a slightly cooler and wetter ecological equivalent
Figure 5a
View of the C-Hill (top) and Mt. Haggin (bottom) sites
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Figure 5b
View of the Divide (top) and Knob (bottom) sites.
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Figure 5c
View of the Seymore Creek (top) and Deer Dodge (bottom) sites.
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Table 1
Description of sites used for collection 
of soils, litter and vegetation (Forest Service sites).
Site Name
Distance and 
Direction 
from smelter 
(km)
Elevation
(ft)
Aspect
(°)
Percent/Habitat/Disturbance 
Slope Type History
Stand Age
C-Hill 1.7 sw 7050 80 nne 15 Abla-Pial
Vase
Fire/Logged 
0-30 years
Mt Haggin 7.3 sw 6900 90 e 2 0 Abla/Vasc Fire/Logged 
0-55 years
Divide 1 2 . 0 sw 6900 75 ne 10 Abla/Vasc Fire/Logged 
0-35 years
Knob 16-7 sw 6950 90 e 20 Abla-Pial
Vase
Fire/Logged 
0-30 years
Seymore 24.2 sw 6900 1 0 0 ese 1 0 Abla/Xete
Vase
Fire 
80-100 years
Deer Lodge 30,0 ne 7200 90 e 15 Abla/Xete
Vase
Fire 
1 0 0 + years
LaMarche 35.0 sw 7100 80 ne 12 Abla/Vasc Fire 
60—80 years
Table 2
Description of Soils and Parent Materials for Sites 
Used for Collection of Soils, Litter and Vegetation
Site
Parent
Material
Soil
Classification Horizon
Depth
(cm) Texture, Composition Comments
C-Hill 
(1.7 km)
Quartzite loamy-skeletal 
mixed, frigid, 
typic cryocrept
01 20-0
(under
trees)
needles under trees, 
shrub leaves, grasses
litter cover 
discontinuous; 
less than 25% cover 
by vegetation
A21 0-7 extremely gravelly 
sandy loam rock pavement-
A22 7-20 very gravelly loam
covers 25% to 75%
B2 20-63 very gravelly loam
original 1-15 cm 
soil eroded
Cl 63-152 extremely gravelly 
sandy loam
Haggin 
(7.3 km)
Gneiss loamy-skeletal 
mixed, frigid, 
andic cryocrept
01 20-0
(under
trees)
needles under trees, 
shrub leaves, grasses
litter cover 
discontinuous; 
25% to 50% cover 
by vegetation
A2 0-20 gravelly loam Mazama ash
B2 20-63 very gravelly loam original 0-30 cm
Cl 63-152 extremely sandy loam
soil eroded
W
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Table 2 Continued (Parent Materials and Soils)
Site
Parent
Material
Soil
Classification Horizon
Depth
(cm) Texture/Composition Comments
Divide 
12.0 km)
Residual 
Tertiary 
Volcanic 
rock; Tuff
fine-loamy,mixed 
frigid, typic 
cryoboroll 
(would be pachic
01 20-0 needles under trees, 
grasses
litter cover 
discontinuous 
less than 25%-50% 
cover by vegetation
if not eroded)
A1 0-25 loam severe erosion of top
B2 25-89 loam
15-25 cm of A1 
horizon
B3 89-114 gravelly loam
Cl 114-152 very gravelly loam
Knob 
.6.7 km)
Quartzite loamy-skeletal 
mixed, frigid, 
typic cryocrept
01 20-0 needles under trees 
grasses, shrub leaves
litter cover 
discontinuous;
15% to 20% cover by 
vegetation
A21 0-7 extremely gravelly 
sandy loam
rocky pavement 
covers 75%-80%
A22 7-20 gravelly loam
surface
B2 20-63 very gravelly loam
top 0-13 cm soil 
eroded
Cl 63-152 extremely gravelly 
loam
W
Table 2 Continued (Parent Materials and Soils)
Parent Soil Depth
Site Material Classification Horizon (cm) Texture/Composition Comments
Seymore Granite loamy-skeletcil 01 2-0" Undecomposed forest litter
i  ^  A 3  Irm \ colluvium mixed, typic A21 0-9" Very gravelly loam( ̂  4 « z Kin ) and residuin cryocrept A22 9-14" Very gravelly sandy loam
B2 14-25" Very gravelly coarse sandy loam
C 25-60" Extremely gravelly coarse sandy loam
Deer Granite sandy-skeletal 01 1-0" Decomposed forest litter
Lodge mixed, typic A21 0-7" Gravelly loam
/ 1 fk A  \ typic cryocrept A22 7-14" Very gravelly sandy loam\JU.U Kmj B2 14-32" Extremely gravelly coarse sandy loam
C 32-60" Extremely gravelly coarse sandy loam
LaMarche Granite 01 2-0" Undecomposed forest litter
Creek coluvium A21 0-10" Gravelly sandy loam
and residuin A22 10-16" Very gravelly coarse sandy loam(j D * 0 Km) B2 16-30" Very gravelly coarse sandy loam
C 30-60" Extremely gravelly coarse sandy loam
U)
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of the A. lasiocarpa/V. scoparium habitats.
All sites supported contorta, but three of the sites closest to 
the smelter also contained P̂. albicaulis in the overstory. The stand 
ages of the sites closest to Anaconda were between 0 and 55 years, whereas 
the more distant stands were between 60 and 1 0 0 years old.
Parent materials also varied across the study area. As shown in 
Table 2, the soils on the three most distant sites (LaMarche, Seymore, 
and Deer Lodge) were derived from granitic materials, while the soils 
closest to the smelter were derived from quartzite, gneiss or volcanic 
materials.
Small Mammal Trap Sites
Because maniculatus prefers open and disturbed environments, mice 
were not available for collection from the forested sites. Therefore, at 
the three farthest sites, trapping was done in the most suitable open 
habitats, as close as possible to the Forest Service sites. This was 
not too difficult because clearcuts or disturbed habitats are common 
throughout the study area. To facilitate collection, traps were located 
as close as possible to roads. Both elevation and distance from the 
smelter of trap sites were similar to most of the Forest Service sites. 
Details of trap site characteristics are given below in Table 3, and lo­
cations with respect to Forest Service sites are also shown in Figure 1.
To compare trace metal levels of the Anaconda mice with controls, 
mice were also collected from the Rattlesnake Creek area near Missoula, 
Montana. No significant metal processing industries have ever been 
located in the Missoula Valley.
Table 3
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Description of trap sites near Anaconda
Distance Dominant Vege­
from tation Types
Site Name Smelter (km) Elevation Type of Clearing Percent Cover
C-Hill 1 km 7050* Absent Bunchgrasses,
SW Overstory
Logged
weeds, shrubs, 
logs, stumps 
20-40%
Divide 1 2 . 0 6800* Absent Bunchgrasses,
SW Overstory Logged logs, stuirps 40-60%
Knob
(Grassy Mt.) 16.0 7200* Absent Bunchgrasses,
SW OverstoryLogged logs, stumps 40-65%
Knob 16.7 6500* Absent Bunchgrasses,
SW Overstory Logged logs, stumps 40-65%
Seymore 24.2
SW
6900* Clearcut Grasses, weeds 
fallen logs, 
stumps
50-75%
Seymore 24.2
SW
6500* Clearcut Grasses, weeds 
fallen logs, 
stumps
50-75%
LaMarche 35 km 
S
7100* Clearcut Grasses, weeds 
logs, stumps 
50-75%
Rattlesnake 160 km 4400* Foothills Knapweed
NW grassland
pasture
grasses
60-80%
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Field Methods
Soils and Litter
This study used a grid sampling system on the Forest Service sites. 
Two 100-meter transects divided the area into 40 subplots, each 10 x 10 
meters square (Walsh, in preparation). Small soil pits were dug in the 
middle of three randomly selected subplots. Each numbered subplot was 
drawn from a bag containing all subplot numbers. From each soil sampling 
location, the 0 1 and 0 2 surface needle litter horizons (if present), 
samples of surface 1-2 cm of soil and the soil from 17 to 20 cm were 
collected and placed in plastic-lined dixie cups (hospital sputum cups). 
Profile descriptions were also made.
Profile descriptions included soil texture and composition, percent 
coarse fragments and horizon depths. These are given in Table 2. Addi­
tional information on parent materials, ecological and historical charac­
teristics and scientific names of soils from each site were also obtained 
from U.S. Soil Conservation Service personnel in Deer Lodge (Dutton, 1978) 
The soil pits were dug by shovel and trowel; however, individual soil 
samples were collected with a plastic shovel wiped clean after each use. 
Collections from all sites were completed within 10 days of each other 
during September, 1978.
Litter collections at the four sites closest to the smelter were 
somewhat complicated because there were few trees. At these sites, pine 
litter was collected underneath the P_. contorta closest to a randomly 
chosen subplot. Because of this problem, a few collections were made 
underneath very young trees (5 to 20 years old), particularly at the
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Divide and Knob. There was no distinguishable decomposing or 02 litter 
layer at any of the four sites closest to the smelter. Therefore, sam­
ples of the "bottom" litter just above the mineral soil were collected 
for limited comparisons. Again, litter samples were collected under­
neath the closest P. contorta trees to the subplots selected.
Vegetation
Samples of E . contorta needles, V. scoparium leaves and roots, and 
P. tremuloides (aspen) leaves were collected from each site if present. 
Needle samples were taken from ten P. contorta trees selected by the 
Forest Service for pathological investigation. Four branches on the side 
facing Anaconda were cut from these trees with clippers or pole pruners. 
Branches were taken from the lower or midcrown positions and kept cool 
until transported to the Forest Service Regional Office in Missoula for 
needle pathology determinations. Pine needles were randomly selected 
from the four branches according to their year of growth and ground in 
a Wiley Mill. To age any given stand, core samples were taken from three 
of the largest trees. Samples of V. scoparium leaves (without stems) 
represented several plants, not just single individuals.
V. scoparium roots ranged in diameter from 0.1 cm. to 2.0 cm, but 
most fell between 0.5 cm and 1.0 cm. The roots grew to between 0 and 12 
cm deep. At the Divide, there was no V. scoparium in any subplot; 
therefore, samples from the Divide site were obtained from the plants 
nearest the subplots (within approximately 100 feet). Because there was 
no V. scoparium found on C-Hill, no samples were collected.
Due to the proliferation of shrub-sized aspen (Populus tremuloides)
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at the sites closest to the smelter, leaves from this species were also 
collected. There were no aspen at the more distant sites, so samples of 
nearby aspen (if available) were collected for comparisons. Generally, 
these collections were one to two miles from the site along lower ele- 
vational logging roads or creeks.
Animals
Trapping took place between July,1978 and September 30, 1978, and 
also for five days in October, 1979. P. maniculatus were collected with 
mouse snap traps baited with peanut butter and rolled oats. The traps 
were set and flagged every five paces across selected trapping areas. 
Between 30 and 95 traps were set at any one time in a more or less ran­
dom pattern across the open areas. Trapping frequency depended on the 
locations of the Forest Service's field work; therefore, not all sites 
could be visited consistently or equally. Traps were set in the evening 
and collected between 8:00 and 11:00 the following morning. After their 
species and sex were identified, trapped animals were place in clean 
whirlpacks, frozen on dry ice, and transported to freezers in Missoula.
The number and sex of mice collected, the percent capture rate and trap­
ping times are listed in Table 4.
Laboratory Procedures
Litter and Vegetation
Litter and vegetation samples were dried at 90 degrees F before
being ground in a Wiley Mill, The grinding apparatus contained no source 
of contamination for the metals being analyzed (Tourangeau, personal com­
munication) - Trace metal analysis requires the utmost care to prevent 
sample contamination. Therefore, all glassware, tools, containers, and
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Table 4
Number, sex, percent capture and collection data 
for P. maniculatus; 1978 and 1979*
Site/
Distance
km
Number
Mice
Collected 
1978 1979
Percent 
Capture Rate 
1978 and 1979
Months 
Collected 
1978 1979
Number
Male
1978 1979
Number 
Female 
1978 1979
C-Hill
1.0
14 9 23-30% Aug. Oct. 7 7 7 2
Divide
1 2 . 0
18 7 20-25% Aug.- Oct. 
Sept.
7 2 11 5
Knob
16.7
1 0 1 7-9% Aug. Oct. 7 1 3 0
Seymore
24.0
5 9 0-3% Aug. Oct. 3 6 2 3
LaMarche
35-0
2 0 0-3% Aug. —— 2 0 0 0
Rattlesnake —  6 0-2% —  Oct. - 4 2
Total 49 32 26 20 23 12
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other instruments were washed with acids (1:1 HCl, 10%, HNO3 , 1:1 HNO^) 
or a combination of these and rinsed with double-distilled water before 
use. Plastic was used whenever possible to minimize potential contamina­
tion from glassware or metal tools. Concentrated double-distilled nitric 
acid (HNO3 ) and instra-analyzed perchloric acid (HCIO4 ) were used for 
digestions and cleansing.
Plant and animal tissues were acid-digested before atomic absorption 
analyses. Soils were extracted as described below. Roots were washed with 
deionized water to remove soil; no other vegetative samples were washed. 
Soils and Vegetation
Trace metal analyses of soils, litter, and vegetation were performed 
by the University of Montana Soils Laboratory, under the direction of Dr.
N. Stark, Professor of Forestry. Soils were extracted both with NH^OAc 
(ammonium acetate), buffered at pH 7, and with DTPA according to the 
procedures outlined in Stark (1979).
Following grinding of the vegetative samples, one-gram samples were 
digested using a 4:1 nitric to perchloric aicd mixture described by 
Behan (1970). The final solution was filtered and diluted to 25 ml for 
chemical analyses. One-gram samples of six National Bureau of Standards 
(NBS) orchard leaves were also digested using this same procedure. A 
Varian Techtron atomic absorption spectrophotometer was used to test 
presence of several nutrients (calcium, magnesium, sodium, iron, and 
manganese) as well as for the trace metals of copper, lead, zinc, cadmium 
and arsenic. NBS dilution standards were used for calibration. In addi­
tion, total nitrogen in soils and vegetation was analyzed via a
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microkjeldahl technique and total phosphate by a potassium dichromate 
method, described by Stark (1979).
Animals
Frozen animals were defrosted, sexed, and dissected in the labora­
tory under a plexiglass glove box to minimize dust contamination. Stom­
achs and their contents were first removed to prevent contamination of 
other tissues. The liver and kidneys were then removed with plastic 
tweezers by cutting the holding connective tissues with stainless steel 
scissors. Both tools were rinsed with deionized water after each animal 
was dissected, and 10% HN03 was used as a cleanser after five or six 
dissections. Each tissue was briefly rinsed with deionized water to 
remove hair or dust before being placed in acid-rinsed plastic vials.
Vials were then placed, cap removed,in the tub of an automatic 
freeze-dryer for at least 24 hours until tissues were dry. Afterwards, 
caps were replaced and tissues refrozen for transportation to the De­
partment of Health's Air Quality Bureau lab in Helena, Montana, for 
chemical analyses.
Before digestion, both individual tissues and containers were weighed 
on a Mettler balance. After tissue digestion, containers were re-weighed 
and the values subtracted from previous weights to give a dry tissue 
weight. Dry tissue weights generally ranged from .05 g (kidney) to 0.2 g 
(liver).
Digestions were done in 250 ml Phillips beakers covered with watch- 
glasses with 5 mis of nitric and 2 mis of perchloric acids. To facilitate 
digestions, tissues were slowly digested either overnight at room
4 6
temperatures or for several hours on medium-heated burners (100 to 125 
degrees C) . After the tissues visibly disintegrated, sairples were heated 
on a burner set to 500 degrees until all nitric acid was burned off, leav­
ing 2 mis perchloric, and the solutions were clear. More HN03 acid was 
added and the digestion process repeated if a precipitation was visible 
after cooling. The final 2 ml solution was then diluted to 25 ml for 
trace metal analyses on a Varian Techtron atomic absorption spectropho­
tometer, Dilution standards prepared from NBS stock solutions were used 
for calibration of the instrument. In addition, two NBS bovine liver 
sairç)les (1 . 0 g) were freeze-dried, digested and analyzed in the same 
manner.
Statistical Analyses
To determine and describe distribution patterns of metals as a func­
tion of distance, metal concentrations in surface soils, sublitter, first- 
year foliage of P. contorta and mice tissues were regressed with distance. 
The method of regression utilized is designed to accomodate more than one 
value of Y (metal) for each value of X (distance). It initially requires 
performing an analysis of variance (ANOVA) to test the significant dif­
ferences between groups before testing the slope of the regression line.
The procedure is described in Sokal and Rohlf (1969), The computer pro­
gram which uses this method, entitled SPL0T3, was provided by the Envi­
ronmental Studies Program, University of Montana,
Statistical analyses were made with both untransformed data and trans­
formed data using the logarithm function. Logarithmic transformations were 
used because they tend to generally normalize data with respect to in­
creases in the variance with increases in mean concentrations.
Chapter 6 
RESULTS 
General Comments
This section contains the results of trace metal analyses of soil, 
litter and vegetation samples collected near the Anaconda copper smelter 
Nutrient data for these same soil, litter and vegetation samples are 
contained in Appendix A.
To verify analytical techniques. National Bureau of Standards (NBS) 
orchard leaves were analyzed for trace metal contents. The results of 
these tests are contained in Table 5.
Table 5
Means, standard deviations and coefficients of variation (CV) for
trace metals in NBS orchard leaves compared to NBS certified values.
As Cd Cu Zn Pb
Certified NBS
^  1 std. dev. 14 + 2 0 . 1 1 + .02 12 + 1. 0 2 5 + 3 4 5 + 3
14% 18% 8 % 1 2% 7%
Lab Results: * 8 8 + 82 1.53 + .12 17 + 1.23 36 + 8 7 1 + 1
(N=6 ) 93% 13% 14% 4% 2 1 %
CV
Magnitude of 
difference 
between NBS
over by 
6.3
over by 
14
over by 
1.4
over by 
1.4
over by 
1 . 6
and Lab. means
* University of Montana Soils Laboratory
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With the exception of data on arsenic, the precision of the ana­
lytical procedures (as expressed by the coefficients of variation) are 
acceptable, but the accuracy of the obtained values is not within the 
certified NBS range. Arsenic values range so widely that results are 
virtually impossible to interpret. Therefore, arsenic data from the 
soils and plant material are listed only in the Appendices. Copper, 
lead, zinc, and cadmium values exceed the expected NBS values by factors 
ranging from 1.4 to 14.0. Because of the quality of the analytical pre­
cision, the relative magnitudes of metal concentrations found in the 
Anaconda data are comparable with each other and can be used to illustrate 
trends or patterns. However, this is not always true when comparing some 
of these absolute values to those found in other studies.
The levels of trace metals found at Deer Lodge generally fall within 
the ranges of samples collected from the Seymore Creek (located 24 km 
southwest) and the LaMarche Creek (located 35 km southwest) sites. For 
comparison and easy presentation, the Deer Lodge results are set forth 
in the following figures as if this site were lying on the south west 
transect occupied by the other sites.
The results described in this Section indicate large degrees of vari­
ance ( as measured by 95% confidence limits) associated with increases in 
mean concentrations of a metal. Because most sample sizes were low ( n =
3 to 5), the confidence limits are quite large, overall. The 95% confidence 
limits for the mean concentrations are given in corresponding Appendices.
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Soils
The mean levels of the extractable metal contents in soils are 
presented in Figures 6 through 9. Corresponding data with confidence 
limits are included in Appendix B-1. In general, the results show a 
large degree of variation in concentration between sites, but most of 
the concentrations tend to decrease with distance from the smelter.
The mean copper levels in surface soils (DTPA) are highest at C-Hill 
(392 ppm) and the Knob (200 ppm). The surface soil copper levels are 
considerably lower at Mt. Haggin (located 7.3 km from the smelter) and 
the three most distant sites (90 ppm to 20 ppm). Subsurface soils con­
tain less copper than surface soils but reflect the same trends between 
sites shown by the surface soils. Subsurface soil levels of copper 
average 42 ppm at C-Hill, approximately 8.0 ppm at the Knob and less 
than 5.0 ppm at all other sites.
Mean lead levels in soils peak at C-Hill and the Knob, also. Mean 
lead concentrations at these two sites range from 55 to 90 ppm in sur­
face soils (DTPA) and from 3.0 to 4.0 ppm in subsoils. Although sur­
face soil lead levels are relatively low (20 ppm) at the three most dis­
tant sites, the DTPA-extracted subsoil lead levels at Deer Lodge and 
LaMarche Creek sites are comparable to levels found at C-Hill and the
Knob. No lead was detected in NH,OAc-extracted subsoils at these three4
most distant sites.
Both DTPA-extracted and NH OAc-extracted zinc levels in soils are4
elevated at C-Hill compared to all other sites. In this instance, the 
mean subsoil zinc level exceeds the level of zinc in the associated
Figure 6
Mean levels of extractable copper in surface soils (top)
and subsurface soils (bottom)
(n=3 per site).
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Figure 7
Mean levels of extractable lead in surface soils
(top) and subsurface soils (bottom) 
(n= 3 per site).
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Figure 8
Mean levels of extractable zinc in surface soils (top)
and subsurface soils (bottom)
(n=3 per site).
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Figure 9
Mean levels of extractable cadmium in surface soils (top) and
subsurface soils (bottom) (n= 3 per site).
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surface soil by a considerable margin. Mean subsoil levels range between 
88 and 119 ppm, while associated surface soils average between 26 and 28 
ppm.
As with other metals, the levels of cadmium in both surface and sub­
surface soils are greatest at C-Hill (1.5 to 3.0 ppm as means) and drop 
to 0.25 to 1. 0 ppm at all other sites.
With the exception of zinc at C-Hill, the mean surface soil metal 
concentrations exceed the subsoil levels. In addition, most of the 
trends between sites illustrated by the surface soils are evident in 
the associated subsoils.
To test for a linear relationship between metal concentrations and 
distance, regression analyses were performed on DTPA-extracted surface 
soils. The results of this analysis are presented in Table 6 . As shown, 
all the ANOVA tests between sites were significant at the P<0.05 level, 
indicating significant differences exist between sites. With the excep­
tion of copper, however, none of these differences between sites could 
be statistically explained by distance. Copper (using the logarithmic 
transformation) was the only metal which could be significantly explained 
by distance. The regression line illustrating this relationship with 
95% confidence limits is presented in Figure 10.
Litter
The mean levels with 95% confidence levels of copper, lead, zinc 
and cadmium in litter samples are presented in Figures 11 and 12, with 
corresponding data in Appendix B-2. Metal levels in litter samples are
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Table 6
Linear regression results for metal concentrations 
in DTPA-extracted surface soils,
(N/S = not significant at P<.053
Metal ANOVA* (p < ) Regression Equation
Significance 
slope (P< )
Cu . 0 0 0 0 1 N/S -- N/S
log Cu . 0 0 0 0 1 y= -.0337X +2.44 .663 .016
Pb .05 N/S -- N/S
log Pb . 001 N/S -- N/S
Zn .005 N/S -- N/S
log Zn , 0 0 0 1 N/S --- N/S
Cd .001 N/S —— N/S
log Cd . 0 0 1 N/S ——— N/S
* Tests significances between sites
Figure 10
Linear regression of DTPA-extracted copper in surface 
soils with distance showing 
95% confidénce limits 
(note log/linear scale),
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Figure 11
Mean levels of copper (top) and lead (bottom) 
in surface and subsurface litter 
(n=3 per site).
4 0 0 0 i
 A  SURFACE LITTER
 0  SUBSURFACE LITTER
3 0 0 0 -
cn
cn
; 2000-
oo
000-
AO---
ISOOi
Q<LU
_ J
500-
La  MARCHf' 
DEERLODGE
DIVIDEC - H I L L SEYMORE
KNOBMT. HAGGIN
D I S T A N C E ( k m ) 7-3 12.0 16.7 24.2 30.0 35.0
57
Figure 12
Mean levels of zinc (top) and cadmium (bottom) in surface
and subsurface litter (n=3 per site).
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much higher than those in soils. Both subsurface litter and surface 
litter samples collected at the four sites closest to Anaconda contain 
four to ten times more copper, lead and zinc than associated soils sam­
ples. The disparity of metal concentrations between soils and litter 
tends to decrease with increasing distance from the smelter. For exam­
ple, the mean levels of copper in surface soils and subsurface litter 
differ by a factor of 10 at C-Hill and only by 4 at Seymore Creek.
As in soils, litter results also show the same high levels of 
metals at C-Hill and the Knob sites compared to lower levels occurring 
at the intervening Mt. Haggin site and the three most distant sites.
For all metals (except zinc at Seymore Creek), subsurface litter layers 
contain proportionately higher metal levels than associated surface 
litter layers. This disparity between mean metal concentrations in the 
two layers tends to decrease with the decrease in metal concentration.
Mean copper concentrations in subsurface litter reach more than 
4000 ppm at C-Hill and 2000 ppm at the Knob. Surface litter copper con­
centrations at these two sites average approximately 1400 ppm.
Both lead and cadmium levels in surface and subsurface litter fol­
low this same trend, with peak concentrations occurring at C-Hill and 
the Knob. Lead levels in sublitter reach nearly 1500 ppm at C—Hill and 
the Knob, while corresponding surface litter levels average between 200 
and 500 ppm lead. The mean cadmium levels in subsurface litter at the 
C-Hill and Knob sites range between 25 to 30 ppm with 10 to 15 ppm in the 
surface litter.
Average zinc concentrations in subsurface litter reach 1090 ppm at 
the C-Hill site but tend to decline with distance to approximately 100 to
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200 ppm at the three most distant sites. In surface litter, the mean
zinc levels are nearly 400 ppm at C-Hill and 200 ppm at all other sites.
As in soils, copper is found in the greatest quantities in litter. 
Lead and zinc are present in the next highest quantities, while cadmium 
is present in the least quantities. Copper shows the most pronounced 
tendency to decrease with distance. Average copper values in litter 
decrease by as much as 14 to 70 times between C-Hill and the three sites 
farthest from Anaconda. Zinc and cadmium values generally decrease by 
three to seven-fold and lead by three to eleven-fold.
Regression analyses using the ANOVA test were performed on sub­
litter data to determine if metal concentrations decreased as a func­
tion of distance. As shown in Table 7, all ANOVA tests are significant, 
indicating significant differences exist between sites. In addition, 
all regression models using both transformed and untransformed data were 
significant at the P<0.05 level. In general, the regressions using log­
arithmic transformations of metal concentrations explained more of the 
variation in metal concentration with distance than regressions with non­
transformed data. The best-fitting regression lines for copper, lead, 
zinc and cadmium with 95% confidence limits are presented in Figure 13-14,
Vegetation
The mean metal concentrations from two years of pine foliage are 
presented in Figures 15 and 16'. Corresponding data are presented in 
Appendix B-3. Chemical results for all other years of foliage were 
omitted from the figures to improve clarity; these data illustrate the
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Table 7
Linear regression results for metal concentrations in sublitter,
(N/S = not significant at P< .05)
Metal
*ANOVA 
Significance 
Level (P< ) Regression Equation
Significance of 
Slope (P < )
Cu . 0 0 0 0 1 y= -102.5X + 3229 .613 .05
log Cu . 0 0 0 1 y= -.05X + 3.78 .831 .01
Pb . 0 0 0 0 1 y= -35.9X + 1307 .580 .05
log Pb . 0 0 0 0 1 y= -.03X + 3.19 .736 .01
Zn . 0 0 0 0 1 y= -23.9X + 837 . 6 6 6 .05
log Zn . 0 0 0 0 1 y= —.026X + 2.9 .836 .01
Cd . 0 0 0 0 1 y= -.768X 4- 27.9 .729 .01
log Cd . 0 0 1 y= -.028X + 1.5 .847 .01
Test of difference between sites
Figure 13
Linear regression of copper (top) and lead (bottom) in subsurface litter
with distance showing 95% confidence limits
(note varying log and linear scales).
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Figure 14
Linear regression of zinc (top) and cadmium (bottom)in subsurface litter
with distance showing 95% confidence limits
(note varying log and linear scales).
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Figure 15
Mean levels of copper (top) and lead (bottom) 
in two years of P. contorta foliage 
(n= 1 0 per site).
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Figure 16
Mean levels of zinc (top) and cadmium (bottom) 
in two years of P̂. contorta foliage 
(n= 1 0 per site).
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same trends discussed in this section.
As shown in Figure 15, copper and lead levels in foliage collected 
from the Knob, Divide, and C-Hill exceed the levels found at all re­
maining sites by two to ten-fold. At these two sites, mean copper levels 
range from 80 to 160 ppm, while mean lead levels range from 30 to 80 ppm. 
Copper or lead concentrations in Mfe. Haggin foliage are comparable to 
levels found at these most distant sites (< 40ppm copper, < 1 0 ppm 
lead). This pattern reflects similar distribution patterns noted for 
these two metals in both litter and soil samples. Zinc and cadmium 
levels in foliage do not seem to follow this pattern, however. Mean 
zinc levels in foliage from all four sites close to Anaconda range 
between 90 and 150 ppm, while mean zinc levels in foliage beyond the 
Knob range between 50 and 70 ppm.
Cadmium levels in foliage at all sites range between 1.0 and 4.0 
ppm. Within this range, mean cadmium levels increase from C-Hill 
(1.5 ppm) to the Knob (4.0 ppm) and then drop to approximately 1.0 ppm 
at all three of the most distant sites.
As can be seen in the Figures, the metal concentrations in both 
years of foliage follow the same patterns between sites. In addition, 
the three-year old needles usually contain greater metal concentrations 
than the corresponding one-year old needles.
Because a greater number of overstory vegetation samples (P. con­
torta) were collected at more sites than understory species, regression 
analyses were performed on these data. The results are presented in 
Table 8 .
With the exception of zinc, the ANOVA tests indicate significant
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differences exist between sites. However, only copper and cadmium levels
appear to decrease as a linear function of distance using logarithmic
2transformations. As shown by the R values, distance can explain from 
44 to 52 percent (for the two years) of the variation found in zinc or 
copper levels. The linear regression models with the 95% confidence 
limits of the slope are illustrated in Figure 17,
Table 8
Linear regression results for metal concentrations 
in first-year foliage of P. contorta
(N/S = not significant at P<0.05)
Metal
*ANOVA 
Sig. Level (P< ) Regression Equation
Significance 
Slope (P< )
Cu . 0 0 0 0 1 N/S -- N/S
log Cu . 0 0 0 0 1 y= -.031X + 2.04 -525 .05
Pb . 0 0 0 0 1 N/S — — N/S
log Pb . 0 0 0 0 1 N/S --- N/S
Zn . 0 0 0 0 1 N/S — — N/S
log Zn N/S N/S -- N/S
Cd . 0 0 0 0 1 N/S — — N/S
log Cd . 0 0 0 0 1 y= -.02X + .603 .439 .05
*Test of differences between sites
Figure 17
Linear regression of copper (top) and cadmium (bottom) in first-
year contorta foliage with distance showing 95%
confidence limits (note log/linear scale).
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Chemical results for V. scoparium leaves, stems and roots and for 
P. tremuloides (aspen) leaves are presented in Figures 18 to 21. Cor­
responding data are presented in Appendices B-4a to 4d . The results 
for V. scoparium show that copper in both leaves and roots is elevated 
at the Knob and/or Divide sites and lower at the three most distant sites. 
(No data are available from C-Hill.) The elevated copper, zinc and cad­
mium levels found in shrub-sized aspen leaves from C-Hill suggest that 
high metal levels in understory probably exist at this site.
V. scoparium roots contain higher levels of most trace metals than 
leaves. However, copper levels in both roots and leaves are comparable 
at all sites. The stem data collected from two sites, the Divide and 
LaMarche Creek, show that stems contain even higher trace metal levels 
than corresponding roots. V. scoparium stems at the Divide site contain 
seven to ten times more copper and lead than found in stems from LaMarche 
Creek.
The concentrations of copper, zinc and cadmium in aspen leaves seem 
to follow the same patterns found in V. scoparium leaves or roots; lead 
levels in aspen leaves show no distance trends but are unusually high at 
the Deer Lodge site. Lead levels in V. scoparium roots are also high at 
the Deer Lodge site. Mean zinc levels in aspen leaves at Mt. Haggin, 
Divide and the Knob are much higher than the levels found in V. scopar­
ium leaves and roots at these same sites. Beyond the Knob, zinc levels 
drop precipitously.
Figure 18
Mean levels of copper (top) and lead (bottom) in 
V. scoparium tissues 
(n=3 to 7 per site).
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Figure 19
Mean levels of zinc (top) and cadmium (bottom) in 
V. scoparium tissues 
(n=3 to 7 per site).
300-1
 O  LEAVES
  □  RO O TS
♦  S T E M S
200-cn
C D3
O
100-
O  ~~ 5  —Oi-i-
6.0-1
4.0-
C7I
<  2.0-  O
SEYMORE La MARCHED I V I D EC - H I L L
D l S T A N C E ( k m )
MT HAGGIN KNOB
7 . 3  1 2 . 0  1 6 . 7
DEERLODGE
24.2 30,0 35.0
71
Figure 20
Mean levels of copper (top) and lead (bottom) 
in P̂. tremuloides leaves 
(n=3 or 4 per site).
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Figure 21
Mean levels of zinc (top), and cadmium (bottom) 
in P̂. tremuloides leaves
(n=3 or 4 sites).
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Correlation Results
To determine if metal concentrations are significantly associated 
with each other in these various environmental components, correlation 
analyses were performed between the metals for soils, litter and two 
years of conifer foliage. Results are presented in the following cor­
relation matrices for significance levels of P< 0-05 (Tables 9-11).
For DTPA-extracted surface soils, only copper and lead, copper and 
cadmium, and zinc and cadmium are significantly associated with one 
another (P< .05). In subsoils, copper, cadmium and zinc,and cadmium 
were also significantly associated. In both soil horizons, the strongest 
association occurs between zinc and cadmium (r= .789 for surface soil 
and .876 for subsurface soil).
In contrast to soils, all metals in litter and pine foliage are 
significantly associated with one another. The strongest associations 
appear between copper and lead, zinc and cadmium, and copper and cad­
mium (r values range from .715 to .941). Lead and cadmium and lead and 
zinc appear to be least associated in both litter and pine trees.
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Table 9
Correlation matrices between metal concentrations 
for surface and subsurface soils (DTPA),
(N/S = not significant at P<,05)
Surface Soil (N=21)
______ Cu________ Pb________ Zn_______Cd
Cu .674 N/S .678
Pb N/S N/S
Zn .789
Subsurface Soil (N=21)
______ Cu_______Pb_________ Zn_______ Cd
Cu N/S N/S .619
Pb N/S N/S
Zn .876
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Table 10
Correlation matrices between metal concentrations 
in surface and subsurface litter.
(N/S = not significant at P<.05)
Surface Litter (N=21)
______ Cu________Pb_______ Zn________ Cd
Cu .790 .807 .878
Pb .687 .850
Zn .892
Subsurface Litter (N=20)
______ Cu________^ ________ zn_______ Cd
Cu .941 .845 .817
Pb .768 .788
Zn .845
77
Table 11
Correlation matrices between metal concentrations in one-year 
foliage and three-year old P. contorta foliage.
(N/S = not significant at P<.05)
First-year foliage (N=63)
_____ Cu_________ Pb_________ zn_________ Cd
Cu .819 .681 .758
Pb .471 .498
Zn .784
Third-year foliage (N=63)
______ Cu________ Pb_________ Zn_________ Cd
Cu .957 .636 .715
Pb .574 .651
Zn .830
78
Mice
The National Bureau of Standards (NBS) bovine liver analyses from 
1978 and 1979 are listed in Table 12. The data show most of the obtained 
values are within the ranges certified by the NBS. Exceptions are a 
greater recovery of arsenic and cadmium from one of the bovine liver 
sairples tested and slightly greater cadmium recovery in 1979.
Table 12
NBS certified values for bovine liver 
and results of analyses.
As Cd Zn
Certified 
values Std. Dev.
NBS 
±  1
.005 + .002 0.27 + .04 192 + 10
1978
sample 1
.1024 .27 203
1978
sample 2 .055 .36 198
1979
sample 1 .050 .39 195
Because most of the NBS tests fall within the NBS certified ranges.
the tissue data appear to be valid.
Information on the number of deer mice collected per site, the time
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and year of collection, and the average percent capture rate were pre­
sented in Table 4. Specific information on the sex, age, body weight, 
and metal concentrations can be found in Appendix C. No animals were 
collected at Mt. Haggin.
In general, between five and eighteen animals were caught at each 
site, both years, with the exceptions of LaMarche Creek, where only 
two animals were caught in 1978, and the Knob site, where only one an-* 
imal was collected in 1979. Trapping success increased at sites closer 
to Anaconda. The capture rate at Seymore and LaMarche Creek sites was 
fairly low (two to three percent) compared to the average capture rate 
at the Divide of C-Hill site (27 to 29 percent, Table 4).
Mean levels of arsenic, cadmium, copper and zinc in liver and kid­
ney tissues are presented in Figures 22-23. Corresponding data are in 
Appendix C-1. The two years of data, plotted separately, generally 
show the same accumulation patterns between sites for the various metals. 
For either year, tissues of mice collected from sites closest to Ana­
conda contain higher mean levels of arsenic and cadmium than do mouse
tissues collected from Seymore, LaMarche Creek or the Missoula site.
In contrast, the mean copper and zinc levels in mouse tissues exhibit
no trends or differences between sites.
The mean concentrations of arsenic in mouse tissues collected at 
C-Hill in 1978 range from 1.0 ppm (kidneys) to 1.4 ppm (livers). In 
comparison, mean arsenic levels from C-Hill mice in 1979 range from
0.15 ppm (livers) to 0.30 ppm (kidneys). On reason for the much greater 
mean value of arsenic in 1979 mice is the fact that one mouse in the
Figure 22
Mean levels of arsenic (top) and cadmium (bottom) in 
P. maniculatus livers and kidneys 
(n=2 to 17 per site).
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Figure 23
Mean levels of copper (top) and zinc (bottom) in 
P. maniculatus livers and kidneys 
(n-3 to 17 per site).
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collection contained 4.0 ppm arsenic (kidney) and 1.0 ppm arsenic 
(liver). Other C-Hill mice caught in both years contained much lower 
mean levels of arsenic (0.13 to 0.25 ppm) in both livers and kidneys.
Mice tend to accumulate much more cadmium than arsenic in their 
liver and kidney tissues. Concentrations of cadmium reach 12.0 ppm in 
the kidneys of C-Hill mice in 1978 and 31.0 ppm in 1979. Mean levels 
of cadmium in C-Hill mouse livers range from nearly 4.0 ppm in 1978 to 
more than 6.0 ppm in 1979. High levels of cadmium also seem to accum­
ulate in the tissues of mice collected from the Knob area, particularly 
in kidneys (8.0 to 15.0 ppm). Mice collected from the Divide site con­
tain somewhat lower cadmium levels (kidneys, 5.0 to 7.0 ppm). Cadmium 
levels in the tissues of mice collected from Seymore and LaMarche Creek 
areas contain an average level of cadmium less than 2 . 0 ppm in kidneys 
and 0.15 ppm in livers, while mice from the Missoula area contain no 
detectable levels of cadmium.
As shown by the data in Figure 2 2, mouse kidneys usually contain 
more arsenic or cadmium than livers from the same animals. The magni­
tude of this difference is greater in animals from sites closest to the 
smelter. At the farthest sites, cadmium or arsenic levels in both 
tissues are low and nearly equal.
To test whether the concentrations of arsenic or cadmium in mouse 
tissues decrease as a linear function of distance, regression analyses 
using an ANOVA test were made. The results for 1978 mice show that only 
arsenic (using logarithmic transformations) significantly differs between 
sites. However, the linear regression model is not significant (Table 13) 
Metal levels in mouse tissues were tested for their degree of
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Table 13
Linear regression results for arsenic in kidneys of 1978 mice
(N/S = P<.05 level)
metal ANOVA (P< ) linear equation
log As .05 N/S
association through correlation tests. The results, presented in cor­
relation matrices shown in Table 14, indicate few consistent patterns. 
Copper and zinc are significantly associated (at P<0.05 level) in 
livers for both 1978 and 1979 mice collections. However, the correla­
tion is weaker for mice collected in 1978 (r=.370) compared to mice 
collected in 1979 (r=.617).
Copper and zinc are highly associated with each other in 1978 
mouse kidneys (r=.710); however, no significant association exists 
between these metals in kidneys collected in 1979. Cadmium, arsenic 
and cadmium, and zinc are significantly correlated with each other in 
the kidneys of mice collected in 1979, but not in mice collected in 1978.
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Table 14
Correlation matrices between metals in 1978 and 1979 mouse tissues.
(N/S = P<.05 level)
1978 Livers
As Cd Cu Zn
As N/S N/S .609
Cd N/S N/S
Cu .370
1978 Kidneys
As Cd Cu Zn
As N/S N/S N/S
Cd N/S N/S
Cu .710
1979 Livers
As Cd Cu Zn
As .487 N/S N/S
Cd N/S .617
Cu .385
1979 Kidneys
As Cd Cu Zn
As .440 N/S N/S
Cd N/S .330
Cu N/S
Chapter 7 
DISCUSSION
Patterns of Trace Metal Accumulation 
in Soils, Litter and Vegetation
Trace metal results show that a high degree of metal contamination 
exists southwest of the Anaconda Copper smelter. Metal levels in soils, 
litter, vegetation and even animals are extremely high at most of the 
four sites located within 17 km of Anaconda.
Beyond 17 kilometers (or the Knob site), the levels of most trace 
metals, particularly copper and lead, fall to "normal” or background 
concentrations. Such background levels can be identified by comparing 
the metal concentrations in soils, litter and foliage from Seymore 
Creek, Lamarche Creek and Deer Lodge sites with background data re­
ported in the literature. Tables 15 and 16 (references listed in Litera­
ture CilEcO contain many examples of baseline trace metal values for soils, 
litter and foliage collected around the world. It should be noted that 
some of the reported background lead levels for litter and soils range 
quite high. Some of these relatively high values can be attributed to 
the world-wide lead pollution problem which has resulted from increased 
use of automobiles (Siccama and Smith, 1978).
Comparisons show fairly distinctly that all copper and lead levels 
found at the three most distant sites from Anaconda represent typical 
background or normal levels of trace metals. Because world—wide
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Table 15
Various levelà of trace metals found in litter and surface soils
as reported in the literature.
Location Cd Cu Zn Pb Reference
Litter (ua/a)
White pine in 
Massachusettes 45-80 119-557 278-1945 Anderson et al.,1980.
Spruce-fir in 
Central Europe, 
Germany
6 6-.93 59-90 138-173 300-465 Heinrichs, H., and R, 
Mayer, 1980,
Surface Soils (ug/g)
Surface soil in 
Wyoming. 5-10 26-30 20 Conner, J.J., et al. 1976.
Forest surface 
soil in Germany 24-35 38-75 61-62 Heinrichs, H. and R. Mayer 
1976.
Forest surface soil 
Germany. (0-10 cm) .074 27 32 81 Ibid, 1980.
Uncultivated muck 
in Canada. 5-10 31-41 Czuba, M., and T.C. 
Hutchinson, 1980,
Spruce mor in 
Sweden. .182+.008 3.8+.08 24.8+.66 19.6+.24 Tyler, G., 1978. 00
Location
Table 15 Continued,(Background levels of trace metals levels).
Cd Cu Zn Pb References
Surface soil in 
Nevada
Surface soil in 
Indiana 0.06
Surface Soils (ug/g)
4.9+.01 22.5+1.9 9.8+1.0 Strojan, C.L., and F.B. 
Turner, (no date).
Kelly, J.M. et al.,1979
Rural arable soil 
in Scotland
Surface soil in 
Kent,England 0.9+.01
Worldwide
averages .06-1.0
Surface soil,
Gallatin Valley .33-.52
Montana
2.8 2.9 0.65 Purves, D. 1972.
Symeonides, C., and 
S.G. McRae, 1977.
Yopp, J.H. et al. 1974
Munshower, F. 1977,
Forest Soil in 
Canada
Soils in 
Australia 0.4-0.5
5-15
35
33-78
20-68
3-4
6-16
Warren, H.V., and R.E. 
Delavault, 1967.
Goodman, G.T., and T.M 
Roberts, 1971.
00
Table 16
Various background levels of trace metals found 
in vegetation as reported in the literature.
Type/Location Cd
Vegetation (ug/g)
Cu Zn Pb Reference
Land plants/ 
World wide 0.3-0.4 100
Yopp, J.H., et al., 1974 
Groet, S.S., 1980
Fir,
Maple
Birch/
Canada
33-65
19-73
175
Groet, S.S., 1980
Pines/
Canada
0.5-4.0 
0.2-3.0
Warren, H.V. and 
R.E. Delavault, 1960
Grasses, small 
grains/ Galatin .06-.08 
Valley, Montana
Rural oak and 
aspen/ MW Indiana
Munshower, P., 1977
.5-1.0 7.6-7.9 30-174 not detectable Parker, G.R. et al., 1978
Cottonwood leaves/ 1.24-1.7 
Midwest, U.S.
Garden vegetables/
Canada (leaves)
2-11 6-38
White, T.A. and L. Rolfe,
1980
Czuba, M. and T.C. Hutchinson, 
1980
Grasses . 7-. 8 5-9 74-108 5-12 Goodman . and . Roberts oo
00
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distributions of zinc in soil and litter vary considerably, it is more 
difficult to define background concentrations. However, reported zinc 
levels for coniferous and deciduous trees correspond well to the zinc 
levels found in P. contorta, P. tremuloides and V, scoparium leaves col­
lected at the three farthest sites.
The reported background cadmium levels are comparable to or are 
less than the levels found at nearly all the Anaconda sites. Thus, back­
ground levels of cadmium near Anaconda may be slightly greater than 
worId-wide levels.
With only a few exceptions, the levels of trace metals at Deer 
Lodge, located 30 km north of Anaconda, are similar to ranges of those 
found at Seymore and LaMarche Creeks. The notable exceptions are that 
the mean levels of lead in V. scoparium roots and P. tremuloides leaves 
are greater than lead values reported at Seymore or LaMarche Creeks, 
Because aspen leaves were collected near a frequently used logging road, 
the apparent lead contamination could be due to diesel exhaust. However, 
V. scoparium samples were collected at a protected forest site. Because 
surface and subsoil lead levels from Deer Lodge are similar to LaMarche 
and Seymore Creek levels, no obvious explanation for the relatively high 
lead levels in roots exists at this time.
The results of this study identify a number of prominent patterns 
in metal distributions between sites. One of the strongest patterns is 
the tendency for metal concentrations to drop rather sharply at the Mt, 
Haggin site, located only 7,3 km from the smelter. Normally, one would 
expect copper or lead levels at this site to be somewhat intermediate 
between C-Hill and the other sites. However, concentrations of copper.
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lead, cadmium and zinc in soils, litter and understory vegetation are 
considerably lower at Mt. Haggin than at C-Hill, the Divide or even the 
Knob sites. In fact, the trace metals levels, particularly for copper 
and lead, at Mt. Haggin are quite often as low as the levels found at 
the three most distant sites.
Several factors could account for the relatively low metal levels 
found at Mt. Haggin, First, Mt, Haggin soils are derived primarily from 
gneiss. These loamy soils are slightly more susceptible to erosion than 
the very gravelly pavement-like quartzite soils found on C-Hill and the 
Knob. The 6 to 12 inches of soil which have eroded from Mt- Haggin over 
the last century since smelting began is greater than the 0 to 6 inches 
eroded from C-Hill or the Knob (see Table 2), Loss of metals accumulated 
in the original soils by erosion could partially explain the current low 
soil metal contents.
Secondly, the relatively low lead levels in P. contorta foliage at 
Mt. Haggin may indicate a relatively low metal deposition rate. Com­
pared to biologically active metals such as copper and zinc, lead is not 
a metal which is readily translocated from plant roots to aerial parts 
of the plants (Barry axiClark, 1978), Thus, high foliar lead levels 
probably indicate deposition of airborne lead on plant needles. Because 
the lead levels in foliage from C-Hill, the Divide and Knob sites are 
much greater than Mt. Haggin, it appears not much lead is being depos­
ited on the Mt. Haggin site.
Results of investigations by Walsh and Bissell (1979) and by Walsh 
(in preparation) support this possibility that Mt. Haggin has not re­
ceived as much pollution as the other sites. Their findings show that
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there are notably fewer ecological and pathological symptoms of smelter 
pollution at Mt. Haggin than at the other three sites: C-Hill, Divide 
and the Knob. In addition, Mt. Haggin is undergoing better forest 
recovery than the other sites.
One possible explanation for the low metal deposition rate at Mt.
Haggin is the fact that this site is located slightly east and off the
southwest transect along which the dominant wind patterns follow (see 
Figure 4). In addition, C-Hill is situated almost directly between the 
smelter and Mt. Haggin and may be blocking the transport of smelter 
emissions to the latter.
Other explanations probably lie in the specific aerodynamic char­
acteristics and particle sizes of the metallic emissions which may 
affect how and where they are transported.
A third trend illustrated by the results is the consistently high
degree of metallic pollution found at the Knob site. Even though this
site is 16.7 km from the smelter, copper and lead contamination of the 
soils, litter and vegetation are nearly as great or greater than the 
contamination found on C-Hill. Average foliar levels of all metals seem 
to increase slightly between C-Hill and the Knob. Walsh (in preparation) 
documents an increase in the levels of sulfur in P. contorta between 
C-Hill and the Knob. She reports the same trend for sulfur accumulation 
for P. albicaulis trees collected from both C-Hill and the Knob.
The site characteristics and parent materials of C-Hill and the 
Knob are similar, although slightly more soil may be eroded from C-Hill 
(see Table 2). The primary difference between the two sites is distance 
from the smelter. Based on other trace metal investigations around
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large smelting facilities, one would expect trace metal levels to be at 
least somewhat lower at the Knob than at C-Hill. Most investigators 
report that trace metals around even the largest smelting complexes de­
crease significantly at comparable distances from the smelter (Freedman 
and Hutchinson, 1980).
The most likely cause of the relatively high metal accumulation 
patterns at the Knob is long-range transport of metal pollutants. The 
contamination of soils and litter and vegetation may reflect past pol­
lution levels ; however, elevated metal concentrations in the younger 
foliage could also indicate accumulation due to relatively recent 
emissions (1974-78).
The observations of early scientists who documented smelter pol­
lution damage beyond the Divide as far as the Big Hole Valley support 
this argument that the Knob has received a considerable degree of air 
pollution. The Knob falls within the impact area described by these ob­
servers. Secondly, if the Knob is being affected by emissions from 
Anaconda, one would also expect to find high levels of trace metal pol­
lution at the intermediate Divide site (see Figure 1). As shown by 
this study, by Taskey (1972) and by Walsh (in preparation), soils, lit­
ter and vegetation collected along the Continental Divide are highly 
contaminated with metal pollutants or sulfur pollutants.
Due to its prominence, the Knob site may have received more pol­
lution than the lower areas of the surrounding region. The occurrences 
of such "hot spots" on prominent geographical features is not unusual 
near smelters. Studies around smelters in river valleys have shown 
highly impacted areas exist where pollutants have been channeled along
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valley walls (Archibold, 1978). Other studies have shown occurrences of 
hot spots on prominent ridges or knolls where pollutants have come into 
direct contact with the ground (Rutherford and Bray, 1979).
Results in this study illustrate that trace metal levels do not 
necessarily decrease uniformly with distance. Even though topographic 
parameters such as elevation and aspect are kept relatively constant 
between sites, trace metal levels increase at some of the more distant 
sites, i.e., the Knob, in comparison to sites located closer to Anaconda. 
Most other investigators have found trace metals levels almost always 
follow uniformly declining patterns with distance from a smelter (Wood and 
Nash, 1979; Buchauer, 1973; Freedman and Hutchinson, 1980). In these 
studies, regression results of metal concentrations versus distance usually 
explain 90 to 98 percent of the data collected along their selected distance 
transects. In comparison, the fit of the regression lines in this study 
was much poorer. The highest R^ values are for litter and range from 
between .613 and .847 (P < .05), while all other regression coefficients 
are less than this range.
In light of these regression results, distance is not necessarily 
the best variable for explaining or predicting the decline in metal con­
centrations in areas of rough terrain. Other factors assciated with the 
dispersion of pollutants, such as wind patterns, speed, direction, and 
frequency; the size and aerodynamics of the metallic particulates; local 
meteorology and the proximity of prominent features or elevational changes 
between similar sites also play important roles in the extent and effects 
of metal contaminants on the environment.
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Trace Metal Accumulation in Mice
Trace metal levels in mice indicate that animals living near Ana­
conda are accumulating significant quantities of both arsenic and cad­
mium in their liver and kidney tissues. Of the two pollutants, cadmium 
accumulation is greater than arsenic even though higher levels of ar­
senic exist in the environment. Mouse tissues collected from the three 
sites closest to Anaconda contain an average of 0.1 to 1.0 ppm arsenic, 
but between 1.5 to 30 ppm cadmium.
No reliable data on arsenic levels in plants or soils were obtained 
in this study, but Taskey (1972) found water-extractable and total levels 
of arsenic in soils to be extremely high near the smelter. Soils con­
tained 67 to 94 ppm water-extracted arsenic (627 to 1002 ppm total) on 
C-Hill and from 10 to 28 ppm water-extracted arsenic (267 to 399 ppm 
total) on the Continental Divide. This study found extracted cadmium 
levels to range between 1.0 and 3.0 ppm in soils, between 3.0 and 10 ppm 
in vegetation and between 14 and 30 ppm in litter at the sites closest 
to Anaconda. Munshower (1972), who primarily sampled in the Deer Lodge 
Valley, found total cadmium in soils to range between 3.0 and 30 ppm 
within 1 0 miles of the smelter.
The poor or nonsignificant correlations between arsenic and cadmium 
in both livers and kidneys reflect the differences in the uptake and 
biological retention, deposition and elimination of these metals in 
animals. Animals which contained high levels of cadmium did not neces­
sarily contain proportionately high levels of arsenic and vice versa.
This nonsignificant relationship is probably partially explained by the
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different biological fates of these two metals rather than by relative 
availability of the metals in the environment.
The animals did not accumulate copper or zinc even in areas where 
soil and vegetation levels were 10 to 1 0 0 times background levels. 
Therefore, it appears that these animals are either not consuming ex­
cessive quantities of copper or zinc or that they are capable of elimi­
nating these biologically active metals through homeostatic process.
Using P. maniculatus to monitor trace metal pollution can be ex­
tremely useful for certain elements. For example, the accumulation of 
cadmium in mouse tissues reflects the pattern of cadmium pollution in 
the environment, as shown by understory and tree data. In fact, cad­
mium accumulation in mouse tissues often exceeds the levels of cadmium 
in the soils, plants and litter. Therefore, mice can be useful indi­
cators of cadmium pollution in the environment. They have often been 
used to monitor harmful pollutants such as lead and cadmium from road­
sides or mining (Beardsley et al., 1978; Jeffries and French, 1972).
On the other hand, mice seem to be less useful indicators of copper or 
zinc pollution as these metals did not tend to accumulate in their tis­
sues even when environmental levels were several hundred times back­
ground level.
As shown in Appendix C , which contains mean metal concentration 
levels and confidence limits, arsenic and cadmium levels exhibit greater 
variation at sites close to Anaconda than at the most distant sites.
This degree of variation probably reflects biological variation among 
the animals collected. Because of the limited sampling of mice, an 
insufficient number of animals were collected to test which of these
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biological factors such as age, sex, body weight, etc. might explain 
the individual variation. When such factors were entered into statis­
tical analyses, no improvement in regression equations were noted.
Future trace metal studies with mice should take such variation into 
consideration when sampling.
Results showed the patterns of metal accumulation in tissues were 
similar between 1978 and 1979 collection seasons (Figures 2 and  ̂ ). 
Animals collected near Anaconda in both 1978 and 1979 contained higher 
average arsenic concentrations than those animals collected at the most 
distant sites. Similarly, in both years, mice collected at C-Hill and 
the Knob sites contained high concentrations of cadmium.
The regression and correlation analyses showed the 1979 trends for 
arsenic and cadmium to be slightly stronger or more significant than 
the 1978 trends (Tables 1 and 1 ). Possible explanations may lie in 
the different sampling schemes used for the two years. The 1978 mice 
were collected over several summer months, while the 1979 mice were col­
lected within a single week of each other during October, Diet, expo­
sure to potential metal sources, age classes of populations sampled 
could account for differences in the correlation patterns.
Ecological and Toxicological Consequences 
of Trace Metal Pollution
Although this investigation centers primarily on the determination 
of trace metal distribution near the Anaconda smelter, it is possible 
to make a few evaluations on the toxic or disruptive effects of these 
metals. These evaluations can be made through general comparisons
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between the levels of metals found in this study and the results of 
smelter impact research, toxicity experiments and the Forest Service's 
investigation (Walsh and Bissell, 1979; Walsh in preparation). In 
making these comparisons, it is important to recognize that most other 
studies vary considerably in design, sampling and analytical techniques, 
pollutant types, site characteristics, and species studied.
Through general comparisons of the levels of trace metals found 
in soils and litter at C-Hill, the Divide and the Knob with Taskey's 
(1972) toxicity research, it appears that these metal levels may be high 
enough to be affecting conifer revegetation and/or seedling growth. The 
soils Taskey collected near Anaconda contained sufficient metal quanti­
ties to reduce the growth of both Douglas fir and Lodgepole pine seed­
ling roots and shoots. The extractable levels of metals in Taskey*s 
soils which caused these toxic synptoms contained at least 300 to 600 
ppm copper, 1 to 100 ppm lead, and 20 to 100 ppm zinc. As shown in 
Figures 6 through 9, most of the metal levels in soils at C-Hill, the 
Divide and the Knob compare with these ranges (200 to 400 ppm copper,
20 to 150 ppm lead, 10 to 180 ppm zinc).
Buchauer (1973) was able to show that soils containing 100 ppm 
extractable zinc and/or 10 ppm cadmium caused significant impact to 
seed germination and seedling growth rates of white pine, red oak and 
red maple. Comparable levels of zinc and cadmium can be found in soils 
collected near the Anaconda smelter. C-Hill subsurface soils contain an 
average of 119 ppm extractable zinc. Soils collected by Taskey (1972) 
and by Hartman (1975) in the Deer Lodge Valley and along the Anaconda- 
Pintler foothills southwest of the smelter contained between 100 and
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1080 ppm extractable zinc and 3 to 53 ppm cadmium. Through comparisons 
of these extractable metal levels with Buchauer*s toxicity research, it 
appears that concentrations of zinc and cadmium at many sites in the 
study are also close to ranges which can inhibit normal conifer devel­
opment and/or revegetation.
These trace metal levels in soils as well as those in litter may 
also be high enough to be toxic to soil fungi and other decomposer or­
ganisms. Hartman (1975) established that soils containing relatively 
high quantities of extractable metals (300 to 1000 ppm copper, 17 to 
168 ppm lead, 200 to 1000 ppm zinc and 5 to 53 ppm cadmium) severely 
impacted soil fungal community structure. At contaminated sites, 
species abundance and diversity and propagule production were drastic­
ally reduced. Hartman (1975) also noted the absence of mycorrhizal 
conifer roots near Anaconda. Through controlled laboratory experiments 
using cultures, Hartman (1975) found copper to be the most toxic metal 
to fungi, followed by cadmium, lead and zinc. When copper was combined 
with other metals in his toxicity experiments, the combination was more 
toxic than either metal alone, thus indicating synergisms with other 
metals.
Freedman and Hutchinson (1980b) also found trace metals exerted ad­
verse effects on litter decomposition rates and decomposer communities. 
Results from their investigations around the Sudbury, Ontario nickel and 
copper smelters indicated that as metals in pine litter increased, car­
bon dioxide evolution and acid phosphatase production (measures of de­
composition rates) decreased. They also observed increases in litter 
standing crops with increases in metal content of litter. They found
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reductions in decomposition rates occurred in the field when copper con­
centrations ranged between 1400 and 2400 ppm and nickel concentrations 
between 1200 and 1900 ppm. Under laboratory conditions, they observed 
reductions in decomposition rates when copper or nickel levels reached 
approximately 1 0 0 0 ppm or when copper or nickel levels combined equalled 
500 ppm, again indicating synergistic behavior of copper.
By comparing Hartman's (1975) and Freedman and Hutchinson's (1980b) 
trace metal results with the levels of metals found in soils or litter 
near Anaconda, it appears the level of pollution near Anaconda may be 
high enough to be seriously impacting decomposer organisms such as soil 
fungi. Extracted copper levels in soils from C-Hill and the Knob sites 
are comparable to levels found in Hartman's (1975) soils (means ranging 
from 80 to 400 ppm copper). In addition, mean copper levels in needle 
litter at all four sites closest to Anaconda range from 800 to 4700 ppm 
copper and are comparable to ranges reported by Freedman and Hutchinson 
(1980b) which reduced litter decomposition rates.
Preliminary results published by the Forest Service (Walsh and 
Bissell, 1979) and results by Walsh (in preparation) include descriptions 
of the severe ecological degradation occurring southwest of the Anaconda 
smelter. These authors reported reduced tree, shrub and lower plant 
cover, species diversity and stand stocking at the four sites located 
within 17 kilometers of the smelter: C-Hill, Mt. Haggin, the Divide and 
the Knob. These sites were compared with forested communities located 
at Seymore Creek, Deer Lodge and LaMarche Creek. These authors also 
found the percent of non-vegetated ground exceeded an average of 70 
percent at all four sites near the smelter compared to less than 14
1 0 0
percent bare ground at the more distant sites. Virtually no lichens, 
mosses or liverworts were found at the four sites closest to Anaconda, 
whereas this lower plant community comprised 3 to 6 percent of the ground 
cover at the more distant sites.
In addition to these trends, the development of the litter layer
at the sites close to the smelter was quite different from normal litter
horizons (see also Table 2). At all four sites near Anaconda, the needle 
litter layers were discontinuous and restricted to the immediate area 
just below tree crowns; they were also often very deep (7 to 20 cm).
In addition, no decomposing layer was distinguishable, nor were visible
fungal mycelia common.
By comparing the ecological findings published in Walsh and Bissell 
(1979) and in Walsh (in preparation) with the results of this trace 
metal investigation, it can be shown that a strong relationship may 
exist between the degree of trace metal contamination and the degree of 
ecological degradation. The sites exhibiting the greatest degree of 
ecological disturbances are C-Hill and the Knob, followed by the Divide 
and Mt. Haggin sites. Similarly, the levels of metals in soils, litter, 
aspen and pine foliage are greatest at C-Hill and the Knob, followed by 
the Divide and Mt. Haggin sites. If the toxicity results discussed in 
this section are considered, it suggests that these excessive levels of 
metals in conjunction with other pollutants may be partially or even 
wholly responsible for the forest community declines.
Residual metal pollutants in the soils and litter may also be di­
rectly responsible for the buildup of undecomposed litter at the polluted 
sites. Because of low decomposition rates, nutrient availability and
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and cycling processes may also be reduced. If mycorrhizal communities 
are similarly affected by toxic levels of metals as are the soil fungi, 
nutrient uptake by conifers and other species may also be severely in­
hibited, These factors also help to slow vegetative recovery of these 
sites.
In sum, the trace metal levels found in the environment southwest 
of the Anaconda copper smelter are typical of areas impacted by smelter 
emissions. It is well established in the literature that the accumula­
tion of such metals in the soils, litter and vegetation can disrupt nor­
mal ecological processes and be toxic to numerous plant species. Based 
on the results of ecological research performed in conjunction with this 
trace metal study, it appears that these pollutants are at least parti­
ally responsible for poor community structure and recovery of the forest 
ecosystem located southwest of Anaconda.
Toxic Effects On Mice
Trace metal results from this investigation indicate that cadmium 
is most definitely accumulating within P. maniculatus tissues. The de­
termination of specific toxic effects was beyond the scope of this study. 
However, results can be generally compared to other research. In this 
way, one can speculate about possible effects that these metals may be 
exerting on cellular structure or on physiological processes of mice 
living near Anaconda.
According to many cadmium researchers, pathological effects in 
liver or kidney cells or physiological changes in liver or kidney func­
tioning can be detected in animals following chronic as well as acute
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exposures to cadmium (Weber and Reid, 1969; Axelsson and Piscator, 1966; 
Stowe et al., 1972; Berlin and Ollberg, 1963; Kotsonis and Klaassen,
1977). Most of these studies indicate that rodents exposed to rela­
tively high quantities of cadmium ( i . e . 100 mg/kg Cd for a single 
exposure) or to moderate amounts of cadmium (50 to 200 ppm) for long 
periods (greater than 10 weeks) exhibit significant toxic effects.
In many of these studies, liver or kidney cells became severely dam­
aged and exhibited gross cellular and tissue lesions. Animals often 
suffered kidney failure or proteinura. When these symptoms appeared, 
tissues usually contained several hundred parts per million cadmium.
Fowler's (1975) research, which focused on identifying the more 
subtle effects of chronic cadmium exposure, indicated that low doses of 
cadmium may cause thickening of the small and medium sized renal arteries, 
This thickening is related to induced hypertension caused by cadmium 
poisoning. The kidneys of rats fed as little as 0.005 mg of cadmium 
per day developed thickened arteries; the kidneys contained an average 
of 2 . 0 to 4 . 0 ppm cadmium, wet weight, or approximately 8 . 0 to 16.0 ppm 
cadmium dry weight. Because mice collected at C-Hill and the Divide 
sites frequently contained more than 10 ppm cadmium (Figure 2 2 and Ap­
pendix C-^) , it is possible these animals may suffer from sublethal 
effects of cadmium poisoning-
Chapter 8
CONCLUSIONS
The principal emphasis of this research effort was to do a prelim­
inary survey and report on trace metal levels in a forest ecosystem lo­
cated southwest of the Anaconda copper smelter. Although this project's 
scope is broad, the results have illuminated a number of interesting 
trends. The principal observations or conclusions that can be drawn 
from this study are listed below:
1. The results of this study have shown that significant levels of trace 
metals are distributed throughout the forest ecosystem located southwest 
of the Anaconda smelter. Copper and lead levels in soils, litter and 
plant material collected within 16.7 kilometers of Anaconda contain as 
much as 10 to 100 times background levels of trace metals. Zinc and cad­
mium levels in these environmental components were also elevated within 
12.0 kilometers of the smelter.
2. The pattern of trace metal contamination along the foothills of the 
Anaconda-Pintler Mountains (at sites selected by stratification) shows 
that sites close to the smelter may not be as contaminated as sites far­
ther away. Probable causes for this phenomenon include effects of local 
complex topography and meteorological conditions on pollutant dispersion 
patterns. Soil erosion may also account for lower metal concentrations 
in both soils and vegetation at some sites. Due to site-to-site
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variations in metal concentrations, logarithmic descriptions of metal 
levels as a function of distance are not as significant as reported by 
other investigators.
3. Comparisons of the trace metal results in this report with associ­
ated ecological and sulfur data published in separate reports (Walsh and 
Bissell, 1979; Walsh, in preparation) indicate the levels of smelter pol­
lutants follow existing patterns in the quality of the area's forest com­
munities. Sites containing the greatest trace metal levels (C-Hill, Knob, 
Divide) also show the poorest community structure, percent restocking and 
development of normal understory vegetation. These sites also exhibit 
signs of poorly developed decomposer communities as shown by the absence 
of a decomposing litter and the presence of deep discontinuous litter 
layers under trees. One site near Anaconda (Mt. Haggin), which shows 
better forest recovery than the other sites, contains relatively low 
levels of trace metals.
4. Comparisons of these metal levels to toxicological research indi­
cates the quantities of copper, lead, zinc and cadmium in the soils and 
litter at C-Hill, the Divide and the Knob may be inhibiting normal coni­
fer seedling growth and/or revegetation. Metal concentrations in litter 
at these sites may be high enough to be adversely affecting decomposer 
communities.
5. Cadmium and, to a lesser degree, arsenic are accumulating in sig­
nificant quantities in liver and kidney tissues of Anaconda mice. Cad­
mium levels averaged between 4.0 and 31.0 in mouse kidneys from C-Hill, 
the Divide and the Knob- Arsenic levels averaged 0.1 to 0.2 ppm. When
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cadmium levels are compared to toxicological results reported in the 
literature, they may be high enough to be causing sublethal damages to 
liver or kidney cells.
Chapter 9
RECOMMENDATIONS FOR FURTHER RESEARCH
A review of the literature and the results of this investigation 
indicate many areas where additional or continued research on the effects 
and nature of trace metal pollution is needed. Research is required to 
describe more adequately the extent of the existing level of trace metal 
pollution. The fact that the smelter has permanently closed offers 
researchers a unique opportunity to focus on the long-term effects and 
fates of the residual pollutants. It also allows for the long-term study 
and documentation of area recovery following nearly 100 years of pollution. 
In addition to these long-term studies, it would be valuable to assess the 
effectiveness ctnd feasibility of various reclamation procedures to reduce 
metal toxicity and encourge recovery and to quantify the effects of the 
persistent metals on native and domestic animals. Justifications for four 
major studies are briefly discussed below.
Extent of Trace Metal Pollution
One result of this investigation was the recognition that not all 
sites near Anaconda were equally affected by pollutants even when consid­
ering distance. Some areas close to Anaconda were not as contaminated as 
sites at greater distances. The degree of metal pollution and impacts also 
seem to depend on many other site characteristics such as slope, parent 
material, degree of soil development, location with respect to dominant 
air flows, and previous disturbances. Therefore, additional research is 
needed to determine specifically where pollutant contamination is 
greatest and impacts most severe. This baseline information is necessary
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before long-term investigations or reclamation studies are initiated.
To determine the specific extent of trace metal pollution, an intense 
soil and vegetation survey is suggested. This survey could be designed 
to meet two objectives. First, to map the impacted areas near Anaconda 
according to the severity of pollutant contamination and the susceptibility 
of the site (i.e., its exposure, degree of erosion, slope, etc.).
Secondly, to develop a predictive model for determining where metals tend 
to accumulate in rugged montane environments based on such criteria as 
elevation, geographical location (midslope, valley, ridge), slope, aspect, 
parent material, soil type, as well as distance from the smelter. Similar 
surveys were undertaken by Rutherford and Bray (1974) around the Coniston, 
Ontario, smelter.
Qualitative and Quantitative Studies of Long-Term Vegetative Recovery
In looking at the effects of smelter pollution, it is important to 
know how long the adverse effects of metals ( and sulfur) will persist 
and how soon recovery processes are evident following industry closure.
To accomplish these goals, both qualitative and quantitative studies 
are recommended. Qualitative studies could focus on measuring vegetative 
recovery over time through the use of site-specific photographs and aerial/ 
infra-red photography. Changes in vegetative cover and possibly community 
structure could also be quantified using aerial photographic techniques.
Quantitative studies could entail the use of permanent study sites or 
plots, both experimental and control, established now and sampled in time 
increments such as every 2, 5, or 10 years. These permanent sites might
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include the sites utilized in this investigation but should also include 
a variety of other sites with different aspects, slopes, parent materials, 
elevation, and degrees of contamination. Information gathered at these 
sites could be used to monitor trends in the following envrironmental 
parameters: 1) transformations and ultimate fates of pollutants, 2) the
degree to which metal or sulfur pollutants continue to accumulate and/or 
exert their toxic effects in plants and animals, 3) the effects of time 
on soil and litter properties associated with site productivity such as 
erosional rates, soil fertility, nutrient availability, litter cover, decom­
position rates, decomposer community structure, and 4) the effects of 
time on the rate and degree of plant succession on impacted sites.
In undertaking long-term research, care should be taken to collect 
sufficient numbers of samples and data in any one year to account for 
natural, seasonal, and population variations and unusual years.
Reclamation Research
Because of the many problems associated with trace metal contamination 
(i.e., toxicity, loss of soil productivity through erosion, accumulation 
in biota, etc.) reclamation research is highly recommended. Taskey (1972) 
recommended over 10 square miles of severely contaminated lands close to 
the smelter as first priority for reclamation and approximately another 
10 square miles as a second priority.
Realizing that costs of reclaiming most of this area would probably 
be prohibitive, pilot studies focusing on increasing natural recovery
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rates and/or improving economical reclamation methodologies are proposed. 
Some relatively inexpensive methods may be quite effective in encouraging 
vegetative recovery and/or soil stability. Thus, research on reclamation 
techniques, fesaibilities, and successes are recommended, particularly 
those appropriate for the type of environment and soils found near the 
smelter.
Techniques which could be investigated include the application of 
lime, fertilizers, and organic matter to tie up metals and enhance soil 
fertility. Additionally, research could focus on re-establishing vegeta­
tive cover by using various pollutant-tolerant species. These methods in 
combination with each other and with mechanical methods such as construc­
tion of terraces or water bars could also be investigated. Pilot recla­
mation research projects could be combined with the long-term research 
studies to measure their effectiveness.
Native and Domestic Animal Studies
As pointed out in the Literature Review, little field research has 
focused on determining the degree wild or domestic animal populations are 
affected by trace metal pollution. The results of this investigation 
indicated some metals such as cadmium and arsenic are accumulating in 
mice, but little is known of pathological or toxicological effects these 
metals may be exerting. Also, it is not known whether these metals are 
accumulating in food chains.
To identify pathological effects of trace metals in animals, it is 
suggested that animals be live-trapped to prevent tissue degeneration or
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tissue chemical changes before pathological or physiological analyses of 
effects are made. In addition, field studies on animals should be 
accompanied by complementary laboratory atudies with known dose-responses 
so that appropriate control and comparisons can be made.
Because metals were found to be accumulating in mouse tissues, metals 
may also be accumulating in domestic or wild animals grazing on contam­
inated lands such as Mt. Haggin ranch (state managed) or Forest Service 
lands. To address the potential problem of bioaccumulation and public 
health, efforts should be made to determine the degree to which metals 
are accumulating in local food chains and in consumable wildlife or 
domestic animals. Study of mice as indicators of metal pollution should 
also be continued as part of any long-term research goals.
Chapter 10 
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Appendix A-1
Nutrient levels (ug/g) in NH^OAc-extracted surface and subsurface soils 
collected near Anaconda, KT., 1978.
Si te Distance 
. (km)
Ca K Mg Na « 4 Total N
Surface Soil
197.000 266.000 14.000 40.000 237.000 4640.000
C-Hill 1.7 385.000 264.000 13.500 30,000 446,000 9100.000
240.000 8.000 32.000 367.000 5516.000
67.000 90.000 5.500 25.000 189.000 3500.000
Haggin 7.3 29.000 81,000 4.800 21.000 210,000 1960.000
........ .40.000 99.000 5.000 25.000 169.000 1764.000
90.000 276.000 9.000 27,000 260.000 1280.000
Divide 12.0 45.000 334.000 6,500 25.000 136.000 2506.000
50.000 291.000 7 . COO 25.000 421.000 364.000
i l l  .000 129.000 7.800 25.000 159.000 4 499.000
Knob 16.7 54.000 98.000 50.000 27.000 382,000 3192.000
45.000 95.000 7.000 26.000 251.000 3080.000
1060.000 415.000 144.000 32.000 204.000 3304.000
Seymore 24.2 520.000 173.000 60,000 31.000 229.000 1070.000
1165.000 572.000 126.000 30.000 321.000 4172.000
1455.000 357.000 194.000 32.000 126.000 5604.000
Deer Lodge 30.0 4060.000 380.000 452.000 33,000 73,000 4900.000
422.000 70.000 29.000 202,000 2436.000700.000 331.000 63.000 32.000 138.000 3444 .000
LaMarcne 35.0 815.000 289.000 60.000 30.000 243.000 5152.000
1340.000 798.000 135.000 40.000 307,000 5306.000
Subsurface Soil
1165.000 2126.000
C-Hill 1.7 4035.000 360.000
1525.000 256.000
29.000 29.000
Hagqin 7.3 276.000 60.000
443.000 82.000
.................................................3195.000 265.000
Divide 12.0 1780.000 150.000................,3160-f̂OO 212.000
56.000 84.000
Knob 15.7 71.000 101.000
   44.000 65.000
415.000 103.000
Seymore 24.2 290.000 45.000
 275.000 64.000
1240.000 134.000
Deer Lodge 30.0 1695.000 162.000
............................................ , - -7 6 0 .0 0 0  194.000
200.000 138.000
La/'arc he 35.0 260.000 99.000
365.000 94.000
38.000 35.000 38.000 1176.000
82.000 30.000 53.000 2492.000
49.000 44.000 40.000 1330.000
4.000 21.000 05.000 182.000
16.000 23.000 92.000 168.000
17.000 24.000 103.000 294.000
311.000 38.000 80.000 672.000
168.000 37.000 50.000 588.000
326.000 43.000 75,000 518.000
6.500 21.000 76.000 406.000
5.800 32,000 11.000 1302.000
4.800 29.000 8.000 700.000
70.000 25,000 84.000 4 48.000
56.000 26.000 79.000 210.000
53.000 25.000 78,000 182.000
244.000 27.000 190.000 392.000
340.000 33.000 243.000 812.000
113.000 37.000 30.000 854.000
19.000 28.000 83.000 322.000
28,000 25.000 195.000 266.000
42.000 29.000 146.000 210.000
NJO
Appendix A-2
Nutrient levels (ug/g) in surface and subsurface l i t t e r  collected near 
Anaconda, HT., 1978, (n.s.= no sample).
Site Distance
(km)
Ca Mg Na PO.
Surface L i t te r
Total N
C-Hill
-aggin
divide
Knob
Se:/"ore 
Deer Lodge 
La'^arche
1.7
7.3
12.0
16.7
24.2
30.0
35.0
8700.000
7030.000
8610.000
5080.000
3420.000
5370.000 
*3410.000
3200.000
3910.000
1420.
3/20.
6480.
"5050.
5000.
_5410.’4710.
5430.
5570.
'6480.
5720.
6760
000000
000
000
000
000
000
000
000
000
000
.000
600. 
800. 
780. 
640. 
680. 
1000. 
020. 
Ü40. 
460. 
800 . 
560, 
700, 
1160, 
1180 
1220 
1020 
1100 
1140 
940 
800 
960
000
000
000
.000
,000
000
000
000
.000
000
.000
000
.000
.000
.000
,000
.000
.000
.000
.000
.000
6 0 2 , 0 0 0 5 2 . 0 0 0 1 9 64 .0 0 0 8‘, .4u.000 / U u . OvO
5 0 8 . 0 0 0 5 4 . 2 0 0 2 4 1 1 . 0 0 0 1 2 320 .0 00 100 0. 0 (A)
4 1 6 . 0 0 0 5 5 . 0 0 0 2 5 4 5 . OCO 9 5 2 0 . 0 0 0 9 0 0. 00 0
3 0 8 . 0 0 0 4 5 . 0 0 0 1 85 3. 0 00 7 1 4 0 . 0 0 0 6 50 .0 0 0
2 9 4 . 0 0 0 5 2 . 0 0 0 1 56 2. 0 00 7 2 8 0 , 0 0 0 7 5 0. 00 0
3 4 4 . 0 0 0 5 3 . 0 0 0 1 6 0 7. 0 0 0 6 1 60 . 0 0 0 0 0 0 , 0 0 0
5 4 8 . 0 0 0 6 7 . 0 0 0 2 7 2 3 . 0 0 0 109 2 0 . 00 0 1000. 000
4 1 4 . 00 0 0 8 . 0 0 0 2 754 .000 75qO.OOO 850.0C'9
2 4 0 . 0 0 0 4 9 . 0 0 0 2 2 0 9 . 0 0 0 10 ■'0 0 . 0 0 0 7 0 0 . OvO
4 9 0 . 0 0 0 6 1 . 0 0 0 227 7 . 0 00 1 1 200 .0 00 9 5 0 . uwO
2 0 4 .0 0 0 2 6 . 0 0 0 1 33 9, 0 00 64 4 0 . 0 0 0 5 0 0 .9vO
3 9 2 . 0 0 0 2 8 . 0 00 1 83 0. 0 00 6 3 0 0 . 0 0 0 750. iHni
6 0 8 .0 0 0 3 9 . 00 0 3 0 8 0 . 0 0 0 1064 0 . 0 0 0 BOO. Ouu
5 5 2 . OOu 3 5 . 0 0 0 3 1 2 5 . 0 0 0 1 0 780 .0 00 7 0 0 . OOu
6 7 6 . 0 0 0 4 0 , 00 0 2 9 2 4. 0 0 0 9 3 0 0 . 0 0 0 650.  Old '
6 0 2 . 0 0 0 5 8 . 0 0 0 3 2 3 7. 0 0 0 1 6 80 0. 0 00 5 5 0 . 0 0 0
6 9 6 . 0 0 0 5 5 . 0 0 0 3 2 3 7 . 0 0 0 1 5 3 20 . 0 00 7 0 0 . 0 0 0
6 1 2 . 0 0 0 5 7 . 0 0 0 3 3 0 3 . 0 0 0 1 26 00 . 00 0 6 5 0 .0 0 0
4 7 6 . 0 0 0 4 3 . 00 0 2 4 7 8. 0 0 0 3 1 2 0 . 0 0 0 5 0 0 . 0 0  0
4 0 4 . 00 0 4 2 . 00 0 2 0 5 4 . 0 0 0 68,70.000 4 5 0 . OOu
4 5 6 . 0 0 0 4 P, 000 2 6 3 4 . 0 0 0 8 1 2 0 . 0 0 0 5 0 0 . OOu
Subsurface L i t te r
6220.000 
1 7  2 2 2 0 . 0 0 0
k'k*’ '  ̂ 3480.000
 2220.000
. 3770.000
................. 2410.000
................................................... 2910.000
 .....
n.s.
Knob 16.7 990,000
   2180.000
4/90.000
Seyrore 24.2 4200.000
................ .4920.000
4470.000
Deer Lodge 30.0 4800.000
3560.000
 .......................................... 2920.000
.....
5 8 0 . 0 0 0  
1 / 8 0 . 0 0 0  
1 8 0 0 . 0 0 0  
1020.000
1 0 4 0 . 0 0 0  
7 6 0 . OOÜ
780.000
1640.000
1 4 2 0 . 0 0 0  
n.s.
540.000
1 4 4 0 . 0 0 0
1600.000 
1BOO.000 
1660.000
1500.000
1860.000 
2220.000 
1620.OuO
1440.000
1740.000
6 2 4 .0 0 0 5 8 . 0 0 0 2 2 5 4 . 0 0 0 1 2 / 4 0 . 0 0 0 9 5 0 . 0 0 0
1 4 44 .0 0 0 1 70 .0 00 6 0 9 4 . 0 0 0 10500 .0 00 J6 5 0 . 0 0 0
1 44 6. 0 00 160.00(> 4 88 8, 00 0 1 0 / 8 0 . 0 0 0 1 450 . o()0
0 1 6 , 0 0 0 7 5 .000 3 10 3. 0 00 9 5 2 0 . 0 0 0 9 5 0 . 0 0 0
6 0 0 . 00 0 '65.000 2 0 3 1. 0 0 0 9 1 0 0 . 0 0 0 /OO.oOO
44 4 t 9 0 0 61 .ÜOO 2 6 3 4, 0 0 0 9 2 4 0 . 0 0 0 7 50 ,0 00
5 9 8 . 0 0 0 7 3 . 0 0 0 2 9 24 . 0 0 0 1 12 00 . 00 0 9 0 0 . 0 0 0
157 6. 00 0 2 04 .0 0 0 3 5 2 7. 0 0 0 123. ’0 . 0 0 0 8 0 0 , OuO
14 3 8 . 0 0 0 2 36 .0 0 0 3 6 1 6 . 0 0 0 154 0 0 . 0 0 0 BOO.000
n.s. n.s. n.s. n.s. n.s.
3 46 .0 0 0 4 6 . 0 00 2 8 5 7 . 0 0 0 1 2 88 0. 0 00 900.O00
9 8 0 . 0 0 0 7 0 . 00 0 2 7 2 3 . 0 0 0 1 1340. 000 I t o o . 000
9 0 6 . 0 0 0 5 7 . 0 0 0 3 9 7 3 . 0 0 0 1 4 .''IV . 000 10;,0 . 0 0 0
1 0 48. 00 0 i 4  .000 4 0 8 5 . 0 0 0 1 1 6 20 . 0 00 Q50.OUO
8 7 4 . 0 0 0 5 9 . 0 0 0 3 7 7 2 . 0 0 0 12 8 8 0 . 0 0 0 9 5 0 . 0 0 0
9 5 6 . 0 0 0 6 6 . 00 0 3 9 / 3 . 0 0 0 1 2 74 0 . 0 0 0 1400 .000
1 0 66. 00 0 7 8. 00 0 4 3 0 8 . 0 0 0 1 1 62 0 , 0 0 0 1 35 0. 0 00
1 0 / 6 . 0 0 0 9 4 . OOu 4 6 2 0. 0 0 0 5 3 2 0 . 0 0 0 1 1 50 .000
1 9 3 2. 0 0 0 1 44 .0 00 3 8 3 8 . 0 0 0 9 9 4 0 . 0 0 0 650 . 0(n>
160 4. 00 0 9 7 . 0ÜO 2 9 9 1 . 0 0 0 86-80.000 5 5 0 . 0 0 0
1 2 34 .0 0 0 9 9 . 0 0 0 4 3 9 7. 0 0 0 1 1 34 0. 0 00 8 5 0 . OuO
to
Appendix A-3
Nutrient levels (ug/g) in V. scoparium leaves collected near Anaconda, 
HT., 1978, (n.s.= no sample).
Site Di stance Ca K Mg Na PO4 Total N s
(km)
0 1 6 0 , 0 0 0 0 4 4 0 . 0 0 0 1 8 9 6 . 0 0 0 3 6 . 0 0 0 4 2 6 3 . 0 0 0 14400 .0 00 23 5 0. 0 00
6 3 0 0 . 0 0 0 8 9 2 0. 0 0 0 12 42 .0 0 0 3 9 . 00 0 4 9 11 . 0 0 0 1 45 60 .0 00 2 3 00. 00 0
Haggin 7.3 0 6 8 0 . 0 0 0 7 22 0. 0 00 1 31 8. 0 00 3 4 , 0 0 0
4 5 5 4 . 0 0 0 14 000 .0 00 3 6 00. 00 0
6 1 2 0. 0 0 0 1 0 360 .0 00 1 2 9 4. 0 0 0 4 7 . 0 0 0 5 5 0 0 . 0 0 0 13 060 .0 00 2 55 0. 0 00
7 1 4 0 , 0 0 0 9 5 8 0 . 0 0 0 1 2 4 0. 0 0 0 3 9 , 0 0 0 5 1 1 2 . 0 0 0 1 4 420 .0 00 2100.000
6 4 5 0. 0 0 0 10000.000 1202.000 4 4 . 0 0 0 5 8 0 4 . 0 0 0 1 44 20 . 00 0 2 30 0. 00 0
8 3 7 0 . 0 0 0 10 540 .0 00 2 4 3 5 . 0 0 0 3 7 . 0 0 0 4 4 2 0 . 0 0 0 1 56 80 .0 00 5 2 00 .0 0 0
5 0 2 0. 0 0 0 7 9 60. 00 0 1 1 5 8 . 0 0 0 3 2 . 0 0 0 3 3 9 3 . 0 0 0 16 380 .0 00 3 4 00. 00 0
4 6 0 0. 0 0 0 10480 .0 00 1 2 7 6 . 0 0 0 3 4 . 0 0 0 3 9 0 6 . 0 0 0 1 56 80 . 00 0 3 50 0. 0 00
Divide 12.0 4 7 3 0. 0 0 0 9 0 3 0 . 0 0 0 1 34 2. 0 00 3 0 , 0 0 0 4 7 3 2 . 0 0 0
14 560 .0 00 •‘2 00 .0 0 0
4 6 1 0. 0 0 0 8 4 8 0. 0 0 0 1 03 6. 0 00 5 3 . 0 0 0 4 5 3 1 . 0 0 0 1 49 80 .0 00 2 65 0. 00 0
5 6 6 0. 0 0 0 6 6 4 0. 0 0 0 1 52 6. 0 00 5 0 . 0 0 0 4 2 4 1 . 0 0 0 1 65 20 . 00 0 3 100.000
3 47 0. 0 00 8 1 4 0 . 0 0 0 1 2 40 .0 0 0 8 2 . 0 0 0 5 2 3 4 . 0 0 0 1 4 40. 00 0 3 3 00. 00 0
4 29 0. 00 0 9 4 4 0 . 0 0 0 1 1 4 6 . 0 0 0 3 6 . 00 0 4 2 8 6 . 0 0 0 1 8 900 .0 00 3-150.000
3 87 0. 0 00 7 8 6 0 . 0 0 0 8 1 0 . 0 0 0 4 3 . 0 0 0 4 0 40 . 0 0 0 19Ü80.000 1 9 0 0 , OOu
Knob 1.7 5 0 0 0. 0 0 0 7 6 00 . 00 0 666.000 4 0 . 0 0 0 3 81 7 . 0 0 0 2 5 9 0 0 . OOU 2 6 5 0 . OoO5 02 0. 0 00 9 5 60 . 00 0 9 6 0 . 0 0 0 3 7 . 0 0 0 3 34 8 . 0 0 0 1 51 20 . 00 0 17 5 0, 0 00
483 0. 00 0 7 5 00. 00 0 1 2 6 4 . OoO 4 2 . 0 0 0 2 7 0 1 . 0 0 9 2 01 6 0 . 0 0 0 2 1 0 0 . 0 0 0
6 1 90 . 00 0 9 6 40 . 00 0 8 8 0 . 0 0 0 3 6 . 0 0 0 4 0 1 0 . 0 0 0 1 72 20 ,0 00 4 3 00 .0 0 0
5 2 20. 00 0 8 6 4 0 . 0 0 0 9 8 4 . 0 0 0 3 2 . 00 0 3 9 7 3 . 0 0 0 19320 .0 00
2 0 5 8 0 . 0 0 0
2 9 0 0 . OuO 
3 90 0 . 0 0 05 2 1 0. 0 0 0 10100.000 3 0 1 0 . 0 0 0 3 9 . 0 0 0 6 6 6 0 . 0 0 0
4 3 20. 00 0 9U40.ÜÜ0 1 4 30. 00 0 4 0 . 0 0 0 5 6 8 4 . 0 0 0 1 63 80 . 00 0 2 05 0. 0 00
Seymore 22.4 5 4 90 , 00 0 9 2 4 0. 0 0 0
1 8 76. 00 0 48. U00 6 6 9 6 . 0 0 0 L6 9 4 0 . 0 0 0 2U50.uOO
480 0. 00 0 10120.000 2 3 0 5 . 0 0 0 4 0 . 0 0 0 6 0 5 5 . 0 0 0 16380. 000 4550 . u'(' j
5 41 0 . 0 0 0 6 5 00 . 00 0 1 98 5 . 0 0 0 3 7 , 0 0 0 5 0 5 7 . 0 0 0 n.s. 3 0 00 . 00 0
4 72 0. 00 0 12960 .0 00 1 64 0. 00 0 4 2 . 0 0 0 5 9 1 8 . 0 0 0 1 4 4 2 0 . 0O(^ n.s.
6 9 6 0. 0 0 0 9 4 40 . 00 0 2 65 5 . 0 0 0 3 3 . 0 0 0 5 4 2 4 . 0 0 0 1 40 00 . 00 0 1 6 5 u .0 0 0
7 23 0. 00 0 97 20 .0 0 0 2 47 0 . 0 0 0 2 8 . 00 0 4 7 5 4 . 0 0 0 1.5300 . i.'OO 22 OU. uOO
peer Lodge 30.0 5 4 2 0. 0 0 0 V4ukUOOO 2 4 6 0. 0 0 0 27.2000 4 0 1 5 .OuO 14u v u . OoO
17 0 0 . u v i
8 2 2 0 . 0 0 0 78 60 ,0 0 0 2 2 6 0 . 0 0 0 4 1 1000 5 3 0 6 . GOO 1414U.ÜOO n.s.
8 3 3 0. 0 0 0 9 8 4 0 . 0 0 0 2 4 9 0 . 0 0 0 3 2 . 0 0 0 5 3 3 5 . 0 0 0 1 33 00 . 00 0 24UO. OOo
3 21 0, 00 0 1200.000 3 0 5 . 0 0 0 3 8 . 0 0 0 19 14 .0 0 0 7 9 8 0 . 0 0 0 5 5 0 . 0 0 0
3 50 0. 0 00 15 40. 000 4 1 5 . 0 0 0 3 2 . 0 0 0 2 1 68 . 0 0 0 742U.ÜOO G50.000
LaHarche 35.0 2 3 90 . 00 0 156 0, 00 0 3 5 0 . 0 0 0 31. 00O 1 77 7. 0 00 6 0 2 0 . 0 0 0 5 5 0 . 0 0 0
43 50 .0 0 0 8 0 0 0 . 0 0 0 1 2 7 5. 0 0 0 3 3 . 0 0 0 6 5 0 4 . 0 0 0 1 63 80 . 00 0 1200.000
4 6 20 . 00 0 9 9 0 0. 0 0 0 15 10 .0 0 0 4 0 . 0 0 0 6 2 8 9 . 0 0 0 1 61 00 . 00 0 16 00. 000
4 54 0, 00 0 9 1 60 . 00 0 1 0 15 . 00 0 3 9 . 0 0 0 5 5 2 7 . 0 0 0 17 080 .0 00 1 6 0 0 . 0 0 0
6 1 2 0. 0 0 0 7 30 0. 0 00 1 51 0. 0 00 4 0 . 0 0 0 5 5 0 8 , 0 0 0 1 4 84 0. 0 00 22OU.000
6 0 3 0. 0 0 0 7 5 60 . 00 0 1 4 8 5. 0 0 0 3 7 . 0 0 0 6 2 8 9 . 0 0 0 1U480.Ü0U 22ÜO.00Ü
M
to
Appendix A-4
Nutrient levels (ug/g) in V. scoparium roots and P. tremuloides leaves 
collected near Anaconda, MT., 1978.
Site Distance
(km)
Ca Mg Na PO, Total N
1 1 1 0 . 0 0 0 2 6 0 0 . 0 0 0 4 2O. 000 4 7 . 0 0 0 2 9 0 2 . 0 0 0 3 78 0 . 0 0 0 7 0 0 . OOU
Haggin 7.3 1 2 2 0. 0 0 0 3 1 2 0 . 0 0 0 3 8 4 . 0 0 0 4 9 . 00 0 2 6 3 4 . 0 0 0 3 22 0 . 0 0 0 6 0 0 . 0 0 0
i 2'i0 . 0 0 0 2 0 4 0 . 0 0 0 4L6. 00Ü 4 1 . 0 0 0 2 8 3 5 . 0 0 0 3 64 0 . 0 0 0 5 5 0 . 0 ou
9 2 0 . 0 0 0 2 3 8 0 . 0 0 0 3 4 0 . 0 0 0 5 0 . 0 0 0 1 96 4. 0 00 5 8 8 0 . 0 0 0 850.00 ' )
Divide 12.0 1 1 3 0. 0 0 0 2 0 60 . 00 0 4 1 6 . 0 0 0 4 5 . 00 0 2 1 8 7 . 0 0 0 6 02 0 . 0 0 9 .S5U.00U
0 0 0 . 0 0 0 3 0 0 0 . 0 0 0 3 3 4 . 0 0 0 7 0 . 0 0 0 2 4 5 5 . 0 0 0 4 6 2 0 , 0 0 0 550. "7,,
1 3 70. 00 0 2 3 6 0 . 0 0 0 3 9 6 . 0 0 0 5 5 .000 21.65.000 4 9 0 0 . 0 0 0 Î5, .OU.-.
Knob 16.7 1 2 0 0. 0 0 0 2 2 6 0 . 0 0 0 2 8 4 . 0 0 0 4 5 . 0 0 0 2 0 0 9 . 0 0 0 60^(>,0u0 lOO'O.O M.
1 2 40. 00 0 2 2 40 . 0 0 0 2 0 0 . 0 0 0 5 2 . 0 0 0 227 7 . 000 5 l 8 0 .000 / '5o. OoO
9 1 0 . 0 0 0 2 0 4 0 . 0 0 0 3 2 6 . 0 0 0 3 7 . 0 0 0 3 1 2 5. 0 0 0 34( tu . 00(J 4 S u .000
Seymore 22.4 UOO.000 2 6 2 0 . 0 0 0 4 4 0 . 0 0 0 4 0 . 00 0 30 v6 .OuO 4 2 0 ) .  O',0 * . uOO
12 00. 00 0 2 3 60 . 00 0 4 0 2 . 0 0 0 41 .000 2 8 5 7 . 0 0 0 3 2 2 0 . 0 0 0 7U0 . (jOQ
1 2 3 0. 0 0 0 2 2 40 . 0 0 0 5 3 0 . 0 0 0 6 6 . 0 0 0 2 5 0 0 . 0 0 0 4 4 8 0 . 0 0 0 5 0 0 . 0 0 0
Deer Lodge 30.0 1 1 20 . 00 0 2 2 00 . 00 0 5 2 4 . 0 0 0 6 7 . 0 0 0 2 8 5 7 . 0 0 0 6 1 6 0 , 0 0 0 350.  ui)o
1 2 00 . 00 0 2 1 40 . 0 0 0 5 0 3 . 0 0 0 6 4 . 000 2 5 2 2 . 0 0 0 5 1 8 0 . 0 0 0 5 0 0 , 0 0 0
1 10 0. 00 0 2 3 8 0. 0 0 0 5 2 4 . 0 0 0 5 5 . 0 0 0 3 3 93 . 0 0 0 4 6 2 0 . 0 0 0 450.  '.'Ou
LaMarcne 35.0 1 29 0. 0 00 2 0 4 0. 0 0 0 5 2 0 . 0 0 0 5 3 . 0 0 0 3 1 0 3 . 0 0 0 4 u2 0 .0 0 0 7.00. ' ,00
1 20 0 . 0 0 0 2 2 2 0. 0 0 0 4 0 2 . 0 0 0 y $ , ^ o 2 7 0 1 . 0 0 0 4 0 6 0 . 0 0 0 4 0 0 . OOu
P. tremuloides leaves
1 1 5 60 , 0 0 ' J 1 7 0 2 0 . OUO l l l u . 0 0 0 2 6 . 0 0 0 0 7 5 0 . 0 0 0 10 0 i 1 u . 0 '4 ' ) 7,200 . u - '
C'HHl
J 06-10 . 000 1 4 4 0 0 . 0 0 0 1 4 0 6 . 0 0 0 2 8 . 0 0 0 6 9 0 7 . 0 0 0 : 7 2 2 0 , 0 uO 28 00  . O' " )
1.7 9 6 0 0 , 0 0 0 1 1 2 6 0 . 0 0 0 1 1 8 2 . UOO 31.00' : ) 5 4 0 2 . 0 0 0 1 7 / 8 0 . 0 0 0 25uU , U')t,
1 1 5 2 0 . 0 0 0 179uU.  '500 9 5 0 . 0 0 0 2 7 . 0 0 0 80 8 5  « O'-'C.' l u U I O. UOO 3 500 ,
1 0 8 4 0 . 0 0 0 1 5 4 6 0 . 0 0 0 1 3 4 0 . Û00 2 5 . OUO 4754 . 00 ' ) 1 5 6 8 0 . 0 0 0 3 5Uu , ' 1
Haggi n 7.3 1 0-100. ' ) 00 1 7 3 6 0 . 0 0 0 1 1 9 6 , 0 0 0 2 5 . 0 0 0 4 9 3 3 . 0 0 0 lu2 4 0 . 0 0 0 2 6 0 ‘j . ')':"
11960. 00 ' - ' 12680 000 15U0 .VÜ0 2U.OOO 5 3 1 2 . 0 0 0 l o 9  4 u . 0 0 0 2 / 0 ' J . Ù " ( '
4 4 4 0 . 0 " 0 1 3 3 2 0 .  U'Ju 1 4 6 0 . 0 0 0 2 3 . OU' 7 3 6 6 . 0 0 0 16 38 ' ) .  000 3 o O ' ) . ( ) ( " '
Divide 12.0
4 9 4 0 . o r o 1047.O. UOO 1 7 2 6 . UOO 2 5 . 0 0 0 08! l 4  . 0 0 0 1 7 3 6 0 . 0 0 0 29'  ' J , ' '
2 7 6 0 . 0 0 0 1 7 2 6 0 . UOO 2 4 6 0 . OOo 23.UOO 1 7 2 3 2 . 0 0 0 2 0 0 2 0 ,  (,00 34 00  . J'- u
4 2 4 0 . 0 0 0 1 2 2 2 ' ) . 0 0 0 1 5 2 0 . 0 0 0 2 6 . 0 0 0 91 6 . 0 0 0 14 5 Û 0 . uOO 3 1 5 0 .
1 2 7 0 0 . 0 0 0 1 6 9 6 0 . UOO 1 1 2 4 . 0 0 0 2 9 . OUO 6 6 5 2 . 0 0 0 1 7 5 6 0 . 0 0 0 1 750 . iO
Knob 16.7
6 2 3 0 . 0 0 0 1 0 8 6 0 . 0 0 0 76c. . 0 0 0 2 8 . 0 0 0 6 4 7 3 . 0 0 0 I J l f t O . ' u ' u 2 5 5 0 .  u ( " f
5 4 0 0 . 0 0 0 1 7 7 2 0 . 0 0 0 I 1 4 4 . 0 0 0 2 7 . 0 0 0 6 8 0 8  ,U0' . 15 9 6 0 ,000 255( '  . ' ,00
8 0 1 0 . 0 0 0 1 7 2 8 0 . 0 0 0 167 0 . uuO 2 9 . OOu 76 1 2 . 0 0 0 1 6Z4() . 0 0 0 2ÜÜÜ.uoO
1 1 3 2 0 . ouu l 3 t 4 V . OUO 1 / 7,. OOu 2 u . Ouu 7 4 5 7 . OuO 17 9 2 0 . 0  JO i3S') ■ " u u
Deer Lodge 30.0 I OOU' ' . 000 1 5 1 60 .  (M'O 1 9 0 4 . 0 0 0 26 - UOO 9 5 5 4 .000 21000.000 155'),' '
1 2 5 6 0 . UOO 1 4 5 8 0 . 0 0 0 1 3 7 4 .000 3 0 . 0 0 0 9 0 0 5 . 0 0 0 1904 0 . 0 0 0 2 1 5 0 .  00':'
1 6 0 2 0 . 0 0 ' ' 10040.UOO 1862.000 2 6 . 0 0 0 6510.000 1 7 7 0 0 . 0 0 0 l / u O . U '  u
8 5 0 0 . 0 ' j , ) 1 4 6 6 0 . 0 0 0 Z335.000 2 9 . 0 0 0 6 2 8 9 . uuO 21 1 4 0 . 0 0 0 7 50 .  UU'J
La Marcne 35.0 7 /8 0 .0 0 0 1 3 6 2 0 . 0 0 0 1 6 6 0 . 0 0 0 25.000 5 0 / 8 . 0 0 0 190 4 0.>j OO 12 5 U . u \
9 4 0 0 . 000 1 0 2 4 0 . OUO 2 7 9 0 . 0 0 0 3 7 . 0 0 0 4 2 5 8 . 0 0 0 1 7 / 8 0 . 0 0 0 205'  ' ........JOil 30 .  OOO 1 4 6 0 0 . uOO 2 0 0 5 . 0 0 0 2 8 , OOU 6 0 9 4 .UOO 238( ,u . OOu 2 1 5 0 . ' . " "
toLO
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Appendix A-5 (cont.
Distance (km) 
5 (Site)
Year 
Foliage
7.3 __1_975_
(Mt. Haggin)
1974
1973
Ca K Mg Na PO4 Total N s
3690.000 3860,000 516.000 30.200 2159.000 7980.000 1000.000
4850.000 4140.000 610.000 21.100 2295.000 8540.000 1200.000
4890.000 4120.000 768.000 24.000 2273.000 8400.000 1200.000
3220.000 7410.000 408.000 29.900 2477.000 8260.000 1800.000
4520.000 4130.000 628.000 28.900 2318.000 8600.000 1200.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
4280,000 4060,000 506.000 25.700 2273.000 6300.000 1650.000
3800.000 4300.000 536.000 26.100 2091.000 6020.000 n.s.
4790.000 5100.000 574.000 32.400 2295.000 7700.000 1750.000
3210,000 4560,000 396.000 29.100 2295.000 7840.000 950.000
4220.000 3730.000 564.000 26.200 2045.000 7560.000 950.000
3750.000 3520.000 522.000 30.900 2455.000 7000.000 1100.000
5520.000 3770.000 752,000 21.700 2455.000 8260.000 950.000
3200,000 6700.000 406.000 39.000 2318.000 8680.000 1600.000
4500.000 4140,000 560.000 29,700 2523.000 7420.000 900.000n.5 n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
4430,000 3970.000 524.000 25.000 2000.000 5880.000 1050.000
5480.000 4830.000 596.000 26.700 2295.000 9800.000 1600.0003490.000 4430.000 378.000 31.300 2114.000 7420.000 950.000
4450.000 3460.000 512.000 21.900 1864.000 7420.000 900.000
5280.000 3810,000 802.000 22.100 2455.000 8400.000 1100.0004400.000 3420,000 510.000 53.600 2773.000 7000.000 1050.000
3810.000 6160.000 440.000 33.700 252.1.000 7420.000 1600.000
N>U1
Append!x A-5 (cont.
Distance
Year 
Foliage
Total
12.0
(Divide!
1977
1976
1975
1974
1973
Ca K Mg Na PO, N S
3280,000 4510,000 620.000 30.600 2955.000 11200,000 850.000
3480.000 5480.000 862,000 26.100 3000.000 11200,000 1050.000
4320,000 3510,000 668,000 23,200 3386.000 12040,000 1200.000
4220,000 5220,000 626.000 24.700 4136,000 11760.000 1100.000
2400.000 7210,000 652,000 26.600 2750.000 10500,000 1300,000
3810,000 4720,000 860,000 25,500 2773.000 11900,000 1650,000
3180.000 4170.000 496,000 25,300 2977.000 11480,000 1100.000
2920,000 4130.000 816,000 38,700 2727.000 n.s. 1100.000
2000.000 6540,000 540.000 31.300 3250,000 12320,000 950.000
1480,000 7280.000 426,000 24,500 3364,000 11760,000 1000.000
4710.000 3470.000 644,000 26,000 3182.000 11620.000 1100.000
4930.000 4090,000 604,000 26,300 3591.000 11480.000 1050.000
3110.000 6180,000 644,000 29.100 2591.000 10366.000 1450,000
3310.000 4130,000 534,000 34,200 2773.000 11760.000 1100.000
4420,000 4220.000 812,000 26,100 2523,000 11390.000 1800.000
3400,000 4960,000 664,000 25.900 2523,000 11200.000 1200.000
3830,000 4200,000 394,000 26,000 2523.000 10080,000 1000.000
4400,000 3020.000 840.000 64,400 2409,000 13760.000 1150.000
2600.000 5310,000 484.000 30.400 2955.000 11760.000 950.000
1920.000 6690,000 444.000 27.200 3159.000 10640.000 1300.000
3030.000 4020.000 488.000 41.500 2682.000 10920.000 1150.000
5480.000 3400,000 696,000 29,800 3205,000 10080.000 1200.000
5070,000 3770,000 642,000 27,200 3409.000 10360,000 1200.000
3340.000 5830,000 676.000 32,500 2227,000 9100,000 1650.000
4240,000 4530,000 824.000 30.800 2341.000 10640.000 2000.000
5420.000 4120,000 372.000 31,600 2318.000 10080,000 1150.000
3230,000 4230,000 684.000 34,600 2455.000 10220.000 1050.000
n.s. n.s. n.s. n.s. n.s. 11760.000 n.s.
2810.000 4830,000 440.000 46,100 2955.000 10780.000 1000.000
2690.000 7010.000 514,000 28.900 3409,000 6860.000 1550.000
6290,000 3000,000 782.000 33.300 3114.000 9240.000 1200.000
3010,000 4000.000 456.000 44.200 2409.000 10920,000 1350,000
5590.000 3260.000 690.000 35.500 3227.000 9660.000 1150.000
3220,000 5300.000 744.000 32.300 2068,000 7840,000 1650.000
4500,000 4530,000 850,000 32.100 2205.000 9800.000 2000.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. 11620,000 1000,000
3410,000 4010,000 704,000 42,300 2500.000 10780.000 1200.000
3250.000 4200,000 470.000 51.200 3205,000 11620,000 850.000
2950,000 6720,000 576,000 34.500 3136,000 12180.000 1800,000
8060,000 2620.000 800,000 60.000 3364,000 8960.000 n s7440.000 2800.000 644,000 50,000 3227.000 8120.000 800',000
n.s. n.s. n.s. n.s. n.s. n.s. 1300.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
4910.000 4020,000 784.000 35,200 2045.000 7140.000 1900.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. 9940.000 900.000
n.s. n.s. n.s. n.s. n.s. n.s. 1150.000
3430.000 6240.000 664.000 38,000 3273.000 10920,000 1750.000 to
Appendix A-5 {cont.}
Distance (km)
& (Site)
16.7
(knob)
Year 
Foliage
Ca K Mg Na POa Total N s
3090.000 7300.000 444,000 22.600 2932.000 11260.000 1100.000
2810.000 4810.000 556.000 24.500 2909.000 10640.000 1300.000
3420.000 5650,000 504.000 23.000 2909.000 10780.000 1250.000
1Q77
3590.000 3020.000 368.000 24.900 2250.000 11340.000 1150,000ly / / 3010.000 4530.000 376.000 22.200 3306.000 12320.000 900.000
2820.000 4530.000 526.000 26.800 2727.000 9520.000 1450.000
3130.000 4920.000 582.000 22.200 2841.000 10750.000 1000.000
3910,000 3630.000 1110.000 26,900 2636.000 10780,000 950.000
2620.000 4600.000 576.000 25,700 3432.000 11900.000 1050.000
JÎ800.000 5050.000 596.000 26.600 3023.000 11340.000 1250.000
3630.000 4810.000 488.000 23.900 2727.000 10640.000 1250.000
4540.000 3760.000 344.000 25,200 2659.000 11200.000 1100.000
3580.000 3460.000 342.000 24.800 2932.000 10640.000 950.000
3330.000 6010.000 400.000 21.800 2636.000 11900,000 1150.000
1976
3230.000 3970.000 562.000 27.300 2682.000 9800.000 1500.000
3330.000 4120.000 498.000 24.100 2773.000 11200.000 1300.000
3780.000 5010.000 564.000 24,800 2705.000 10220,000 1250.000
4140.000 3380.000 1038.000 28,800 2500.000 8820.000 1000.000
3330.000 4110,000 524.000 26,100 3159.000 10220.000 1450.000
4680.000 4830.000 544.000 25.800 2909.000 10080.000 1200.000
3790.000 5250,000 366.000 27.000 2705.000 11060.000 1000.000
4420.000 4770.000 452.000 24.200 2614.000 9800.000 1450.000
5090.000 3490.000 348.000 31.000 2682.000 10360.000 1200.000
4290.000 3240.000 330.000 26.900 2750.000 9380.000 1150.000
3670.000 4040.000 592.000 29.500 2568.000 8400.000 1700,00019/b n.s. n.s. n.s. n.s. n.s. 9660.000 1100.000
4010.000 3720.000 504.000 29.000 2793.000 11200.000 1550.000
4180.000 3410.000 1046.000 35.400 2500.000 9520.000 1000.000
4050.000 3720.000 654.000 26.100 2977.000 10220.000 1150.000
4730,000 4810.000 582.000 26,400 2705.000 9660.000 1350.000
4100.000 4830,000 456.000 29,100 2545.000 8820.000 1500.0003730,000 4710.000 362,000 30.700 2750.000 10500.000 1200.000
5180.000 3330.000 360.000 44.100 2545.000 9800.000 1400.000n.s. n.s. n.s. n.s. n.s. 10640.000 n.s.
1974
n.s. n.s. n.s. n.s. n.s. 8680.000 1750.000n.s. n.s. n.s. n.s. n.s. n.s. n.s.
4520.000 3320.000 1110.000 39.600 2295.000 8540.000 1100.0004480.000 3330.000 546.000 35.100 2705.000 9520.000 450.0004310.000 3430.000 678.000 26.100 2818.000 9800.000 1150.000n.s. ' n.s. n.s. n.s. n.s. 9660.000 1150.000
n.s. n.s. n.s. n.s. n.s. 9660,000 n.s.
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s. n.s. 10920.000 1100.000
1973 n.s. n.s. n.s. n.s. n.s. 7980.000 1000.000
n.s. n.s. n.s. n.s. n.s. 9380.000 n.s.
5160.000 2970,000 498.000 38.000 2545.000 8540.000 1150.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s. to
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Appendix A-5 (cont.)
Distance (km)
& (Site)
Year
Foliage
Ca Mg Na PO. Total N
30.0 
(Deer Lodge)
1977
1976
1975
1974
1973
2120.000 4580.000 1094.000 26.700 3409.000 11200.000 1000.000
3210.000 4060.000 874.000 30.800 3182.000 10500.000 800,000
3700.000 3900.000 1102.000 30.100 2545.000 9940.000 700.000
3010.000 6000.000 766.000 29.200 3636.000 14840.000 750.000
2580.000 5610.000 882.000 26,100 3159.000 12460.000 950,000
1580.000 6550.000 634,000 25,700 3818.000 11200.000 700,000
2710.000 4800.000 1276.000 34.000 2773.000 10500.000 800,000
2660.000 3260.000 1232.000 25.100 2795.000 11200.000 800.000
3410.000 4120.000 1250.000 31.000 3227.000 10780.000 900,000
2220.000 4960.000 682.000 26,800 3000.000 10780.000 900.000
4670.000 3280.000 956.000 27.000 2227.000 9660,000 600,000
3720.000 4810.000 664,000 29.900 3136.000 13860,000 300.000
3630.000 4530.000 814.000 27.700 2773.000 11760,000 900.000
2630.000 3840.000 890.000 38.800 2886,000 10500.000 850.000
1970.000 4720.000 542.000 29.100 3136.000 10360,000 700,000
3880.000 3880.000 764,000 24.700 3659.000 12460.000 1050,000
3430.000 3910.000 1240.000 32.200 2727.000 10920.000 750,000
2720.000 3220,000 1120.000 24.000 2523.000 11340.000 600.000
4220.000 3510.000 1034.000 30.000 2955.000 11900.000 1050,000
2600.000 4100.000 672.000 27.500 2727.000 10220.000 700,000
'2820.000 3370.000 796.000 30.700 2523.000 9940.000 1250,000
4520.000 3220.000 858.000 27.800 2250.000 9660.000 400,000
3960.000 3690.000 664.000 32.800 2705.000 11900.000 500.000
3030.000 3720.000 722.000 28,500 2614.000 11200.000 700,000
2000.000 3700.000 526.000 30.000 2886.000 10080.000 700.000
3320.000 3720.000 1098.000 39.700 2523.000 10780.000 750.000
4230.000 3410.000 856.000 27.000 3409.000 11200.000 900.000
2800.000 3270.000 964.000 27.800 2477.000 11200.000 600.000
3610.000 3120.000 862.000 31.800 2727.000 11480,000 050.000
2970.000 3910,000 674.000 27.200 2977.000 10780,000 550,000
4730.000 3180.000 822,000 29.000 2227.000 9380.000 650.000
2890.000 3120.000 686.000 32.100 2500,000 9660.000 600.000
4470,000 3270.000 686.000 37.600 2341.000 10640.000 550.000
3370.000 3330.000 792.000 29.000 2477.000 10640.000 600.000
2310.000 3480.000 554.000 32.100 3091,000 10220.000 600.000
3280.000 3420.000 1076.000 35.900 2636.000 9660.000 750.000
2740.000 3290.000 900,000 33.100 2523.000 11200,000 700.000
4840.000 3060.000 974.000 28.100 3341.000 10780.000 850.000
4180.000 3280.000 1016.000 33.100 2977.000 11620.000 900.000
3200,000 3780.000 798.000 29.400 3000.000 10220.000 1150.000
5340.000 2930.000 852.000 31.800 2273.000 8680.000 500.000
5180.000 3010.000 762.000 35.900 2250.000 9800,000 500.000
3370.000 3890.000 722.000 33.000 2318.000 8680.000 700,000
3600.000 3000,000 740.000 30.500 2386.000 10500.000 600,000
2960.000 3200.000 564.000 30.600 3000.000 9940.000 350.000
3630.000 3210.000 1044.000 36,500 2523.000 11200.000 600.0002920.000 3260.000 944.000 27,800 2341.000 10640.000 1650.000
5020,000 2980.000 946,000 37.200 3091.000 11060.000 950,000
5760.000 2770.000 952.000 29.900 3182.000 10920,000 900,000
3220.000 3520.000 720.000 30.200 2750.000 8960,000 1000,000
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Appendix A-5 {cont.)
Distance (km)
& (Site)
Year 
Foliage
Ca Mg Na PO. Total N
35.0
(LaMarche
Creek)
1977
1976
1975
1974
1973
2 1 8 0 , 0 0 0 3'830.000 6 1 4 . 00 0 2 3 . 0 0 0 2 2 7 3. 0 0 0 5 7 4 0 . 0 0 0 4 0 0 .0 0 0
1 9 2 0 . 0 0 0 3 0 30 . 00 0 6 0 4 . 0 0 0 3 2 , 2 0 0 2 5 0 0. 0 0 0 3 6 4 0 . 0 0 0 200.000
1 7 8 0. 0 0 0 5 0 6 0. 0 0 0 8 5 0 . 0 0 0 2 4 .7 00 2 5 2 3. 0 0 0 4 7 6 0 . 0 0 0 3 50 .0 0 0
2 0 7 0 , 0 0 0 3 9 70 , 00 0 6 5 2 , 0 0 0 2 8 . 0 0 0 2 5 9 1 . 0 0 0 6 5 8 0 , 0 0 0 4 0 0 .0 0 0
1 6 9 0. 0 0 0 4 3 00 . 00 0 5 7 6 . 0 0 0 21.200 2 50 0 , 0 0 0 7 4 2 0 . 0 0 0 n.s.2000.000 4 1 2 0. 0 0 0 5 3 0 . 0 0 0 21.200 2 3 8 6. 0 0 0 5 6 0 0 . 0 0 0 4 0 0 . 0 00
1 5 0 0. 0 0 0 4 02 0 . 0 0 0 6 3 8 . 0 0 0 22.100 2 1 1 4 . 0 0 0 6 7 2 0 . 0 0 0 3 0 0 .0 0 0
2 9 2 0 . 0 0 0 2 94 0 . 0 0 0 6 1 4 .0 0 0 21.100 2 5 0 0. 0 0 0 7 5 6 0 . 0 0 0 6 0 0 . 0 00
5 0 0 0 . 0 0 0 2 7 90 . 0 0 0 1 2 80. 00 0 2 3 . 2 0 0 3 2 7 3 . 0 0 0 8 9 6 0 . 0 0 0 8 0 0 .0 0 0
2 6 7 0 . 0 0 0 3 21 0 . 0 0 0 6 3 2 . 0 0 0 2 2 . 7 0 0 2 2 7 3, 0 0 0 7 1 4 0 . 0 0 0 4 0 0 . 0 0 0
19 80 .0 0 0 3 2 3 0 . 0 0 0 7 3 6 . 0 0 0 2 9 . 1 0 0 2 1 14 . 0 0 0 6 3 00 , 0 0 0 4 5 0 . 0 0 0
2 5 60 . 0 0 0 3 5 9 0. 0 0 0 5 2 4 . 0 0 0 2 4 , 2 0 0 2 4 7 7. 0 0 0 8 1 2 0 . 0 0 0 3 0 0 . 0 0 0
2 0 8 0. 0 0 0 3 4 6 0 . 0 0 0 5 4 4 .0 0 0 2 0 . 7 0 0 18 86. 00 0 6 8 6 0 . 0 0 0 3 0 0 . 0 0 0
2 5 00 . 00 0 3 4 7 0. 0 0 0 5 8 2 . 0 0 0 2 7 . 70 0 2 0 9 1. 0 0 0 5 4 6 0 . 0 0 0 6 0 0 , 0 0 0
2 7 70 , 0 0 0 3 8 5 0 . 0 0 0 4 8 4 .0 0 0 22.200 2 2 7 3. 0 0 0 6 7 20 . 0 0 0 4 0 0 . 0 0 0
2 5 00 . 0 0 0 3 3 8 0 . 0 0 0 5 7 6 . 0 0 0 3 9 . 6 0 0 2 3 41 . 0 0 0 3 9 2 0 . 0 0 0 4 5 0 . 0 0 0
1 9 20 . 00 0 3 2 0 0 . 0 0 0 6 0 8 . 0 0 0 22.100 18 64 .0 0 0 6 1 6 0 . 0 0 0 3 0 0 . 0 0 0
3 6 0 0 . 0 0 0 3 1 3 0 . 0 0 0 6 5 8 .0 0 0 2 5 . 2 0 0 2 4 55 . 0 0 0 6 7 2 0 . 0 0 0 5 0 0 . 0 0 0
5 3 2 0 . 0 0 0 3 1 1 0 . 0 0 0 1 07 4. 00 0 2 7 . 0 0 0 2 6 8 2. 0 0 0 8 8 2 0 . 0 0 0 6 0 0 . 0 0 0
3 3 2 0 . 0 0 0 3 2 3 0. 0 0 0 6 3 0 .0 0 0 2 4 . 9 0 0 2 3 1 0. 0 0 0 6 5 8 0 . 0 0 0 6 0 0 . 0 0 0
3 1 1 0 . 0 0 0 3 4 10 . 0 0 0 6 1 0 . 0 0 0 2 8 . 8 0 0 2 09 1 . 0 0 0 5 7 4 0 . 0 0 0 5 0 0 . 0 0 02010.000 2 8 2 0. 0 0 0 6 4 0 , 0 0 0 2 6 . 7 0 0 2000.000 6 1 6 0 . 0 0 0 3 5 0 , 0 0 0
2 9 2 0 . 0 0 0 3 4 3 0, 0 0 0 4 8 8 . 0 0 0 2 7 . 9 0 0 2 29 5 . 0 0 0 7 28 0 . 0 0 0 5 0 0 . 0 0 0
2 1 9 0 . 0 0 0 3 1 2 0 . 0 0 0 5 0 8 . 0 0 0 21.200 197 7, 00 0 6 4 4 0 . 0 0 0 2 5 0 , 0 0 0
3 2 3 0 . 0 0 0 3 7 1 0 . 0 0 0 4 76 , 0 0 0 2 4 . 9 0 0 2 2 9 5. 0 0 0 6 7 20 . 0 0 0 5 0 0 . 0 0 02010.000 2 9 2 0 . 0 0 0 5 6 0 . 0 0 0 2 4 . 2 0 0 1 8 1 8. 0 0 0 6 02 0 . 0 0 0 4 0 0 , 0 0 0
3 2 3 0 . 0 0 0 3 3 7 0 , 0 0 0 5 5 4 . 0 0 0 3 7 . 4 0 0 2 5 2 3. 0 0 0 4 2 00. 00 0 5 0 0 . 0 0 0
4 1 8 0 , 0 0 0 3 2 0 0. 0 0 0 6 6 2 . 0 0 0 3 0 . 3 0 0 2 3 1 8. 0 0 0 6 86 0 . 0 0 0 4 0 0 . 0 0 0
5 4 7 0 . 0 0 0 3 40 0. 0 00 1 04 2. 00 0 21.200 2 5 0 0. 0 0 0 7 84 0 . 0 0 0 6 0 0 . 0 0 0
. . . 3 4 1 0 . 0 0 0 3 1 4 0. 0 0 0 5 9 6 . 0 0 0 2 6 . 00 0 2 25 0. 0 00 6 30 0 . 0 0 0 6 0 0 , 0 0 0
2 32 0 . 0 0 0 2 8 0 0. 0 0 0 6 5 6 . 0 0 0 2 4 . 9 0 0 179 5. 00 0 6 3 00 . 00 0 4 0 0 . 0 0 0
3 45 0 . 0 0 0 3 3 80 . 00 0 6 1 6 . 0 0 0 3 4 . 2 0 0 2 04 5, 0 00 6 58 0 . 0 0 0 5 0 0 . 0 0 0
3 18 0 . 0 0 0 3 4 30 . 0 0 0 4 8 2 .0 0 0 2 5 . 00 0 2 04 5. 0 00 6 8 60 . 00 0 3 0 0 . 0 0 02220.000 2 9 50 . 0 0 0 4 8 4 .0 0 0 2 3 . 6 0 0 1 932. 000 6 16 0 . 0 0 0 3 5 0 . 0 0 0
3 64 0 . 0 0 0 3 4 8 0. 0 0 0 4 6 6 . 0 00 2 3 . 00 0 2 3 1 8. 0 0 0 7 2 80 . 00 0 4 5 0 .0 0 0
2 27 0 . 0 0 0 2 55 0. 0 00 6 0 4 .0 0 0 2 3 . 3 0 0 18 41. 000 5 79 0 . 0 0 0 3 0 0 . 0 0 0
4 7 9 0. 0 0 0 2 9 80 . 00 0 6 7 6 .0 0 0 3 2 . 6 0 0 2 2 2 7. 0 0 0 6 7 20 . 00 0 6 0 0 . 0 0 0
3 5 1 0 , 0 0 0 30 40 .0 0 0 5 7 2 .0 0 0 3 1 . 0 0 0 2 3 1 8. 0 0 0 4 4 80 , 00 0 4 5 0 . 0 0 0
5 8 8 0 . 0 0 0 3 3 6 0. 0 0 0 9 5 4 . 0 0 0 21.000 2 5 91. 00 0 8 2 6 0 . 0 0 0 6 0 0 . 0 0 0
3 7 6 0. 0 0 0 3 0 80 . 00 0 6 0 0 . 0 0 0 2 6 . 90 0 2 1 1 4. 0 0 0 7 2 8 0. 0 0 0 5 0 0 , 0 0 0
2 8 1 0 . 0 0 0 2 5 7 0 . 0 0 0 668.000 2 7 . 8 0 0 1 77 3. 00 0 5 8 8 0 , 0 0 0 4 5 0 . 0 0 0
3 1 8 0 . 0 0 0 3 3 3 0. 0 0 0 4 4 4 .0 0 0 2 3 . 2 0 0 2 2 2 7. 0 0 0 6 8 6 0 . 0 0 0 3 0 0 . 0 0 0
3 5 8 0, 0 0 0 3 2 5 0. 0 0 0 6 3 2 .0 0 0 3 9 . 70 0 2 0 4 5. 0 0 0 5 8 8 0 . 0 0 0 4 0 0 . 0 0 0
2 4 3 0 , 0 0 0 2 84 0. 0 00 4 8 2 .0 0 0 20.200 1 84 1. 00 0 5 7 4 0 . 0 0 0 4 0 0 . 0 0 0
4 1 7 0. 0 0 0 3 2 20 . 00 0 4 5 2 .0 0 0 2 1 . 8 0 0 2 2 7 3. 0 0 0 7 0 0 0 . 0 0 0 3 5 0 . 0 0 0
2 4 9 0 . 0 0 0 2 5 20 . 00 0 6 1 6 . 0 0 0 2 5 , 0 0 0 1 93 2. 00 0 7 7 0 0 , 0 0 0 4 0 0 . 0 0 0
n.s. n.s. n.s. n.s. n.s. n .s . n.s
6 4 2 0 . 0 0 0 3 4 0 0. 0 0 0 9 02 . 0 0 0 2 3 , 1 0 0 2 5 2 3. 0 0 0 7 2 8 0, 0 0 0 7 0 0 . 0 0 0
3 7 2 0 . OOo 3 0 5 0. 0 0 0 5 2 0 . 0 0 0 3 2 . 1 0 0 2 4 77 . 00 0 49 00 .0 0 0 4 0 0 . 0 0 0
4 0 2 0 . 0 0 0 3 1 4 0. 0 0 0 5 9 4 . 0 0 0 2 0 . 8 0 0 2 0 6 8. 0 0 0 6 72 0 . 0 0 0 6 0 0 . 0 0 0
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Appendix B-la
Means with 95% confidence limits for extractable levels of trace metals (ug/g) 
in surface soils collected near Anaconda, MT., 1978. (n.d.=not detected).
DTPA NH4OAC
Site Distance 
(n= ) (km) / As / Cd / Cu / Pb / Zn As / Cd / Cu / Pb / Zn
C-Hill
(3)
1.7 50+35 2.6+1.9 392+13 50+75 •28+7.0 n.d. 3+3.5 219+216 55+87 27±27
Haggin 7.3 11+32 .34+.5 83+95 28+27 4+2.7 n.d. .53+.25 31+13 20+13 3.4+3.5
Divide
(3)
12.0 22+47 .61±.5 87+67 43+40 7+11 n.d. .76+.62 28+17 27+36 6.6+8.0
Knob
(3)
16.7 62+20 .89+1.3 195+364 88+164 8+7.5 n.d. .75+.75 37+40 50+107 5.5+6.2
Seymore
(3)
24.2 4.6+2.5 1.0+1.1 21+10 19+16 21+17 n.d. .99+.87 3.4+2.0 6.7+8.7 10+8.5
Deer Lodge 30.0 
(3)
8.7+7.5 1.3+1.0 44+2.5 14+19 23+37 n.d. .86+.37 4.0+4.2 1.5+6.5 8.4+13
L^^rche 35.0 10+9 1.1+1.4 17+2.5 19+5 24+25 n.d. .97+1.4 2.8+.35 5.7+1.4 11+12
w
Appendix B-lb
Means with 9535 confidence limits for extraxtable levels of trace metals (ug/g) 
in subsurface soils collected near Anaconda, MT., 1978 (n.d.= not detected).
DTPA lOAc
Site Distance 
(km) / As / Cd / Cu / Pb / Zn As / Cd / Cu / Pb / Zn
C-Hill 1.7 n.d. 1.4+1.22 42+75 4.3±5.5 119+199 n.d. 1.5+1.6 9.9+6.5 3.3+6.0 88+72
Haggin 7.3 n.d. .14+.02 3.0±1.2 .61+.57 1.5+1.7 n.d. .29+.55 2.6+.9S .68±1.35 1.8+1.8
Divide 12.0 n.d. .35+1.12 1.8±1.4 1.7+.62 7.2+27 n.d. .72+1.37 1.6+2.32 3.2+.87 7.5+27
Knob 16.7 n.d. .45+.67 7.9+14 : 3.6+6.5 6.7+8.0 n.d. .43+.62 4.7+5.0 4.3+ 4.0 5.6t5.5
Seymore 24.2 n.d. .09+.10 2.2+1.9 1.6+2.4 1.7+2.4 n.d. .22+.40 1.5+1.24 n.d. 2.1+1.6
Deer Lodge 30.0 n.d. .1+.05 3.6±2.5 2.6+2.7 2,0+2.0 n.d. .28+.30 2.0+.62 n.d. 1.4+1.1
LaMarche 35.0 n.d. .05+0.0 1.4+.62 4.1+15 .7+.42 n.d. .13+.07 2.1+.35 n.d. 1.0±.15
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Appendix 8-lc
Trace metal levels (ug/g) in OTPA-extracted surface and subsurface
soils collected near Anaconda, MT., 1978.
Distance
Site (km) As Cd Cu Zn Pb Fe Mn
Surface Soil
20.000 0.870 80,000 12.000 36.000 184.000 15.500
1.7
4.000 0,420 64.000 4.000 32.000 175.000 3.240
C-Hill 42.000 0.560 116.000 5.240 61.000 186.000 3 .60u
26,000 0.580 126.000 6.120 38.000 182.000 16.000
7.3 4.000 0.190 68.000 2.280
29.000 105.000 4.700
Haggin 4.000 0.270 54.000 3.000 16.000 111.000 4 .880
42.000 2.070 396.000 30.000 67.000 197.000 60.000
Divide 12.0 42.000 3.430 393.000 30.000 15.000 186.000 4.4 40
^ 6.000 2.220 307.000 25.000 68.000 198.000 33.000
70.000 1.530 364.000 12.000 164.000 373.000 20.000
Knob 16.7 64.000 0.620 108.000 7.000 47.000 342.000 7,120J14.000 0.550 114,000 5.000 54.000 320,000 7.900
4.000 1,170 18.400 23.000 25.000 184.000 710.000
Seymore 24.2 4,000 0.560 20.000 13.000 12.000 342.000 325.000
6,000 1.430 26.000 27.000 19.000 327.000 6 75.000
12.000 1,760 66.000 40.000 22.000 351.000 782.000
Deer Lodge 30.0 8.000  
6.000
1.250 
0.960
34.000
33.000
14.000
15.000
7.600
11.000
329.000
338.000
378.000
382.000
12.000 0,910 17.000 23.000 21.000 190.000 578.000
LaMarche 35.0 12.000
6.000
0.710
1.780
16.000
18.000
15.000
34.000
19.000
17.000
198.000
188.000
625.000
706.000
Subsurface Soil
1.400 17.400 182.000 2.300 9 7.000 23.000
C-Hill 1.7 n.d. 0.960 76,000 29.000 6.700 136.000 8.500
1.940 33.000 145.000 4.000 108.000 3.400
0.150 2.560 2.320 0. 440 37.000 24.000
Haggin 7.3 n.d. 0.130
2.940 1.160 0.520 40.000 6.000
0.140 3.560 1.120 0.800 40.000 1 .900
0.880 2.200 20.000 2.000 56.000 17.600
Divide 12.0 n.d. 0.1000.090
2.000  
1.160
0.920
0,800
1.500 
1.700
53.000
36.000
1 .200 
1 .320
0.760 7.440 10.000 3. 120 66.000 7.50C
Knob 16.7 n.d.
0.330
0.270
13,600
2.640
6.440
3.600
6.440 
1 .240
110.000  
58.000
8.900 
2 . 120
0.130 3.000 2.000 2.800 127.000 5.J. 00(1
Seymore 24.2 n.d. 0.070 1.440 2.100  
4.840 
3.300 
2.820
1.300 
1 .000 
2.240 
2.680 
1.120  
0.800 
0.500 
0.800
1.240 
1.040 
2.840 
3 .600 
1. 400 
1.000 
11.000 
0.500
62,000 
An onA
3.960
Deer Lodge 30.0 n.d.
0.090 
0.120  
0.090
C> Cj4 V uv 
186,000 
334.0001 A A A
3. 280 
6.9 20 
12.800 
16.000 
9. 500 
13.000
LaMarche 35.0 n.d.
0.050
0.050
0.050
1.400 
1.100  
1.600
i V 4 « UUU
63.000
46.000
51.000
U)W
Appendix B-ld
Trace metal levels (ug/g) in NH^OAc-extracted surface and subsurfacesoils collected near Anaconda, MT . , 1978, (n.d.= not detected).
Site
Distance
(km) As Cd Cu Zn Pb Fe Mn
Surface Soil
1.950 194.000 23.000 44,000 10,000 53.(\>0
C-Hill 1.7 n.d. 4.550 316.000 40.000 94.000 10.000 55.000
148.000 19.000
5.000
26.000
22.000
7.500 32.000
12.0000.650 38.000 11,000
Haggin 7.3 n.d. 0.450 30.000 2.200 24.000 5.500 4.000
0.500 24.000 3.200 14.000 6,000 4 .500
1.050 30.500 10.300 21.000 5.500 14.000
Divide 12.0 n.d. 0.600 20.500 4.800 16.500 11.000 3.000
0.650 34.000 4. BOO 44.000 9.000 4 .000
1.100 55.500 8.200 100.000 11.500 10.000
Knob 16.7 n.d. 0.600 25.000 5.000 26.000 10.000 4.500
0.550 31.000 3.300 24.000 8.500 4 .500
1.000 2.750 11.000 10.500 12.000 (135.000
Seymore 24.2 n.d. 0.5501.250
3.250
4.250
6.400
13.000
3.550
6.000
10.500
19.000
316.000 
1055.000
1.000 4.750 14,000 4.500 15.500 740.000
Deer Lodge 30.0 n.d. 0.700 2.000 4.100 n.d. 14.000 252.000
0.900 5.250 7.200 n.d. 26.000 362.000
0.550 2.750 8.000 6.000 20.000 (315.000
LaMarche 35.5 n.d. 0.750 2.750 9,000 5.000 9.000 404.000
1.600 3.000 17,000 6.000 20.000 1015.000
Subsurface Soi
1 ■. 600 7.000 154.000 2.500 4.500 21 . 00 ,)
C-Hill 1.7 n.d. 0.900 12.000 12.000 6.000 6.500 6 . 500
10.750 98,000 1,500 7.500 4 .500
0.035 2.500 2.700 0.050 5.000 25.000
Haggin 7.3 n.d. 0.400 3.000 1.500 1.000 4.500 1.000
2.250 1,400 1.000 3.000 5 .000
1.350 2.200 20.000 3.500 5.000 20.000
Divide 12.0 n.d. 0.400 0.500 1.200 3.000 5.500 ] . OOQ
0,400 2.000 1.200 3.500 5.000 1.500
0.700 4.500 7.800 5.000 5.000 6 . 000
Knob 16.7 n.d. 0.400 6.750 5.700 5.500 6.000 7.500
0.200 2.750 3. 400 2.500 6.000 1 .000
0.400 1.500 2.000 n.d. 5.000 49.000
Seymore 24.2 n.d. 0.100 1.000 2.800 n.d. 4 .500 2.000
0.150 2.000 1.500 n.d. 6.000 10.000
0.400 2.250 1.900 n.d. 14,000 5.500
Deer Lodge 30.0 n.d. 0.300 1.750 1.300 n.d. 11.000 5.500
0.150 2.000 1.000 n.d. 5,000 12.500
0.100 2.250 1.100 n.d. 4.500 11.000
LaMarche 35.0 n.d. 0.150 2.000 1.000 n.d. 4,500 14.000
0.150 2.000 1.000 n.d. 4,500 11 .000
Appendix B-2a
Means with 95% confidence limits for levels of trace metals (ug/g) in both 
surface and subsurface litter samples collected near Anaconda, MT., 1978.
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Surface Litter
Site 
(n= )
Di stance 
(km) / As / Cd / Cu / Pb / Zn
C-Hill
(3)
1.7 175±107 16.7±1.62 1437±49S 412±192 1437+498
Haggin
(3)
7.3 217195 8.415.22 805+1043 2731361 187H05
Divide
(3)
12.0 54511257 13.814.23 14421535 5751254 280177
Knob
(3)
16.7 250+543 8.717.22 1064+3020 1881266 1701341
Seymore
(3)
22.4 87+31 3.91.75 109H9 62115 1631234
Deer Lodge 
(3)
30.0 17172 3.41.40 100H.5 6219 101110
LaMarche
(3)
35.0 137162 2.91.62 64117 58117 96+14
Subsurface Litter
C-Hill
(3)
1.7 59511359 29.7110.7 410014619 1443H402 10901500
Haggin
(3)
7.3 3291406 16.0112.5 12351428 6541456 4951642
Di vi de 
(3)
12.0 6331517 25.0118.4 19421483 8801259 4501227
Knob
(2)
16.7 55013433 12.8141.5 2152H946 131513758 2751838
Seymore
(3)
24-2 162131 4.751.62 122137 159190 149120
Deer Lodge 
(3)
30.0 46165 4.90±2.73 150133 175165 177110
LaMarche
(3)
35.0 2041124 3.801.82 102110 164122 131+27
Appendix B-2b
Trace metal levels (ug/g) in surface and subsurface litter collected
near Anaconda, HI., 1978, (n.s.= no sample).
Distance
Site (km) As Cd Cu Zn Pb Fe Mn
Surface l i t t e r
200.000 17.400 1205.000 390.000 326.000 1500.000 U S . 000
C-Hill 1.7 1:5.000 16.150 1555.000 375.000 435.000 1630.000 9Ü.U00
200.000 16.650 1550,000 355.000 476.000 1600.000 60.000
250.000 9.700 905.000 209.000 320.000 1220.000 740.000
Haggi n 7.3 225.000 9.500 1165.000 214.000 388.000 1330.000 270.000
.175 .000 6.000 345.000 139.000 110.000 560.000 1635,000
1125.000 15.750 1400.000 290.000 475.000 3270.000 240.000
Divide 12.0 312.000 13.250 1675.000 305.000 680.000 2570.000 310.000
..........200.000 12.500 1250.000 245.000 570.000 1410.000 175.000
500.000 12.050 2440.000 310.000 190.000 4380.000 200.000
Knob 16.7 100.000 6.900 610.000 37.000 294,000 870.000 . 445.000
150.000 7.050 144.000 162.000 80.000 410.000 2030.000
75.000 3.600 102.000 107.000 56.000 920.000 2340.000
Sey .̂ore 24.2 88.000 4. 100 117.000 110.000 60.000 960.000 2505.000
..........100.000 4.150 100.000 272.000 61.000 1110.000 17U5.000
50.000 3.250 100.000 100.000 66.000 1010.000 1260.000
Deer Lodge 30.0 n.d. 3.550 100.000 97.000 60,000 1000.000 1305.000
. . .  n.d. 3.500 101.000 105.000 60.000 1120.000 1940.000
162.000 2.900 56.000 100.000 53.000 1110.000 1655.000
LaMarche 35.0 112.000 3.100 60.000 09.000 66.000 1020.000 1055.000
. ......... 138.000 2.600 68.000 98.000 56.000 080 .OoO 1615.000
Subsurface L i t te r
450,000 30.750 2010.000 1045.000 050.000 3010.000 195.000
C-Hill 1.7 1200.000 25.000 4740.000 915.000 1510.000 13800.000 690.000
137.500 33.400 5550.000 1310.000 1970.000 15680.000 200.000
512.000 11.100 1390.000 305.000 700.000 5300.000 350.000
Haggin 7.3 275.000 21.400 1050.000 790.000 810.000 3400.000 260.000
200.000 15.600 1265.000 310.000 453.000 2740.000 305.000
400,000 33.500 2165.000 555.000 830.000 4030.000 170.000
Divide 12.0 700.000 19.950 1840.000 390.000 810.000 0000.000 245.000
800.000 21.600 1020.000 405.000 1000.000 7980.000 180.000
n q n.s. n.s. n.s. n.s. n.s. n.s.
Knob 15.7 275 *.000 9.600 2000.000 209.000 1020.000 3490.000 100.000
_____025.000 16.100 2305.000 340.000 1610.000 8210.000 360.000
175.000 4.500 136.000 140.000 142.000 29110.000 3750.000
Seymore 24.2 150.000 5.000 124.000 150.000 200.000 4340.000 4950.000
162.000 4.750 107.000 156.000 134.000 2990.000 3360.000
75.000 4.300 147.000 102.000 153.000 3300.000 1390.000
Deer Locce 30.0 37,500 4.250 164.000 176.000 167.000 4120.000 1755.OoO
...........  25.000 6.200 130.000 174-000 204.000 5130.000 1060.000
' 212.000 3.600 90.000 136.000 163.000 7220.000 2040.000
LaMarc-e 35.0 150.000 3.550 104.000 119.000 156.000 5270.000 2110.000
........250.000 4.150 106.000 137.000 174.000 6070.000 5200.000
w
Appendix B-3a
Means with 95% confidence limits of trace metals 
(ug/g) in five years of P. contorta foliage collect­
ed near Anaconda, MT. , 1978. (n.d.= not detected).
1 3 7
First-year foliage (1977)
(n= )
Di stance 
(km) / As / Cd / Cu / Pb / Zn
C-Hill
(3)
1.7 n.d. 1.6±1.57 69±47 18±20 94±45
Haggin
(10)
7.3 134±163 2.6±0.41 27+5 1+1.4 94±10
Divide
(10)
12.0 15±9 2.9±.83 113+25 32 ±6 103+14
Knob
(10)
16.7 28+19 3.8±1.22 110+35 26±2 116±17
Seymore
(10)
24.2 41±17 1.2±. 15 13+1.5 H±1 61 ±8
Deer Lodge 
(10)
30.0 8+12 1.3±.26 11±1.4 12±1.3 56 ±7
LaMarche
(10)
35.0 n.d. .91+. 10 8±1 n.d. 62+21
Second -year foliage (1976)
C-Hill
(3)
1.7 . 21±47 1.6+1.24 92 ±90 37+60 100±32
Haggin
(10)
7.3 64±16 2.9±.55 34+4 6±3 111±12
Di vide 
(10)
12.0 15±14 3.2±.68 153±40 66±16 114±14
Knob
(10)
16.7 41±19 3.9±1.08 145±43 59±9 128±22
Seymore
(10)
24.2 51±23 1.4±.29 18 ±2 12±4 71 ±12
Deer Lodge 
(10)
30.0 21±12 1.3±.25 15±.5 13±1.7 53±9
LaMarche 
(10)
35.0 n.d. .9±.13 1 + .9 n.d. 57±16
Appendix £-3a (cont.)
Trace metals in P. contorta 
foiiage.
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Third-year foliage (1975)
Site 
(n= )
Di stance 
(km) / As / Cd / Cu / Pb / Zn
C-Hill
(3)
1.7 3 7±30 1.5±1.77 85+77 43±55 113±50
Haggin
(10)
7.3 59+27 3.0+.54 37±4 9+3 123+10
Divide
f9)
12.0 8±15 3.6±.9 149±55 77±32 118±10
Knob
f9)
16.7 42±8 4.2+1.2 161+60 80+23 142+29
Seymore
flO)
24.2 55±14 1.2+.25 19+2.4 14±.8* 69+12
Deer Lodge 
f 10)
30.0 27+9 1.3±.25 17+1.4* 14±1. 3* 45±9*
LaMarche
(10)
35.0 n.d. .98±.10 11±1.3 n.d. 60±14
* n=9
Fourth-year foliage (1974)
C-Hill
(2)
1.7 12+162 2.0+5.4 92±144 52±171 115±135
Haggin 
_ Ï9)
7.3 54+26 3.1+.54 37±3 10±.7 125±13
Di vi de
.. . (8)
12.0 27±17 3.4±.© 134+30 85±25 119±13
Knob
(6)
16.7 31+20 4.0±2.0 127+61 77+19 125±40
Seymore
(10)
24.2 55±12 1.2+.18 19±4 14±4 67±11
Deer Lodge 
(10)
30.0 33±.8 1.3+.26 18±2 16±1.4 48+13
LaMarche 
(10) . .
35.0 n.d. 1.0 .14 12 1.4 n.d. 61 12
n̂=9
Appendix B-3a (cont.
Trace metals in P. contorta 
foliage.
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Fifth-year foliage (1973)
Site 
(n= )
Distance
(km) / As / Cd / Cu / Pb / Zn
C-Hill
(0)
1.7 - •• - - -
Haggi n 
(8)
7.3 61±32 3.2±.76 35±7 8±3 133+14
Divide
(4)
12.0 19±38 4^.4+1.6 148+14 99±13 142+41
Knob
(1)
16.7 38 5.4 163 101 185
Seymore
(10)
22.4 49±16 1.3+.22 18+3 14±4 69±13
Deer Lodge 
(10)
30.0 24+14 1.4±.26 18+1.4 18±2 50±13
LaMarche 
(9)
35.0 n.d. 1.0±.15 12+1.5 n.d. 66± 14
Appendix B-3b
Metal concentrations (ug/g) in five years of P. contorta foliage col­
lected near Anaconda, MT., 1978. (n.s.* no sample; o.d.= not detected.)
Distance Year 
Site______ fkTil_______ Foliage
106.000 210.000
C-hill 1.7 1977 0.000 2.250 OV.-.00 100.000 165.000
144.000 180,000
As Cd Cu Zn Pb
0.000 1.000 56.000 80.250 9.000
. 59.5 115.250 19.000
0.000 1.550 91.250 88,000 25.000
25.000 1.050 62.250 88.750 15.000
0.000 2.050 81.500 115.250 33.500
37.500 1.600 130.750 95.750 63.500
25.000 2.150 79.500 134.750 36.500
37.500 0.750 57.750 95,000 25.000
50,000 1.700 119.500 109.250 67.500
n.s. n.s. n.s. n.s. n.s.
0.000 2.400 81.000 125.500 39.000
25.000 1.600 104,000 105,250 65.500
Fe Mn
1976 .0 .   ,0 .  .,5.-;5o
149.000 205.000
1975 1^:% lloioôo
n.s. n.s.
171.000 210.000
200.000  280.000
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Appendix B-3b (cont.
Site
Distance
(km)
Year
Foliage As Cd Cu Zn Pb Fe Mn
87.500 3.600 166.750 125.000 21.500 190.500 690.000
25.000 4.150 135.250 134.500 25.500 156.000 1660.000
37.500 6.050 172.000 142.750 30.500 179.000 1390.000
1977
15.500 4.400 153.000 108.000 25.000 190.000 1950.000
37.500 6.700 143.000 118.000 24.500 14O.000 1190.000
25.000 3.900 88.000 133.000 29.000 121.500 1190.000
50,000 2.850 78.000 101.750 28.000 115,000 040.000
12.500 1.150 60.250 66.750 30.500 126.000 240.000
12.500 2.100 60.000 93.000 25.500 101.500 515.000
0.000 3.050 49.250 133.250 21.000 109.500 630.000
62.500 6.600 195.500 162.750 76.000 221.500 1455.000
87.500 4.850 100.250 120.250 61.000 235,500 2305.000
25.000 4.650 235.000 121.250 84.000 244.000 1205.000
75,000 3.450 195.250 135.750 58.500 231.000 685.000
1976 37.500 4.500 129.500 154.000 54.500 176.000 1345.000
25.000 4.450 183.000 137.750 61.000 218.500 1955.000
50.000 3.250 103,000 120.750 60.500 155.500 950.000
12.500 1.400 87.500 69.500 53.500 176.500 210.000
12.500 2.400 83.250 93.250 44.000 144.000 690.000
25.000 3.050 59.750 173.000 39.000 142.500 790.000
50.000 3,650 203.250 121.750 80.000 256.500 730.000
50.000 6.600 193.250 180.000 115.500 253.500 1460.000
50.000 5.300 165.000 124.250 80.500 266.000 2555.000
50.000 5.100 310.000 142.750 125.000 287.500 1400.000
1975 37-500 4,750 139.000 199.500 63.500 194.000 1460.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
50,000 5.100 200.750 160.500 94.000 258.000 2040.000
37.500 1.450 79.500 71.500 68.000 190.000 165.000
25.000 2.550 100.250 115.250 71.500 183.500 765.000
JÎ5.000 3.100 56.250 160.250 46.000 156.500 790.000
25.000 6.250 110.250 165.250 74,000 195.500 1485.000
50.000 3.850 201.250 119.000 99.000 267.000 725.000
50.000 5.050 147.000 121.500 75.500 249.000 2495.000
1974 37.500 1 . J50 57.500 65.250 56.000 173.500 160.000
25.000 5.150 177.000 168.500 98.500 245.000 2250.000
0 .000 2.500 69.500 110.500 61.000 150.500 750.000
1973 37,500 5. 400 163.250 185.000 l O J . 0 0 0 249.500 2485.000
n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Knob 16.7
w
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Appendix B-4a
Means with 95% confidence limits for trace 
metal levels (ug/g) in V. scopariurn leaves 
and roots collected near Anaconda, MT. 1978.
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V. scoparium leaves
Site 
(n= )
Di stance 
(km) / As / Cd / Cu / Pb / Zn
Haggin
(7)
7.3 18±6 1.3+ .28 35±9 I4±3 64+66
Divide
(6)
12.0 21±16 2.2+1.47 159+130 49±52 65+28
Knob
(7)
16.7 5±6 1. 7± . 50 84+29 30+12 97±37
Seymore
(6)
24.2 15±6 0.8+.12 13+1 18± 19 26+5
Deer Lodge 
fS)
30.0 7+9 0.8+.21 9+1 10±1 22±6
LaMarche
(5)
35.0 15±7 0.9±.05 13+1 10+. 6 34±5
V. scoparium roots
Haggin
(3)
7.3 91+72 2.9±.57 70±42 28±20 116+164
Divide
(3)
12.0 21±47 3.8+.32 91+77 264+177 171+102
Knob
(3)
16.7 46±65 6.0+3.2 135+104 60±87 184+62
Seymore
(3)
24.2 8±35 0.7±.57 11±1.5 11±1.5 25±1.5
Deer Lodge 
(3)
30.0 21+65 1.4±.50 18±7.5 182+50 36+5
LaMarche 
(3)
35.0 8±35 1.2+.62 13±1.4 22±5 38±47
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Appendix B-4a (cont.)
Site 
(n= )
Distance
(km) As Cd Cu Pb Zn
Divide
(3) 12.0 8.0±9.7 5.5+1.25 318+50 207+18 234+89
LaMarche 35.0 25.0±18 2.2+1.14 38+33 31+20 80±7
Appendix B-4b
Means with 95% confidences limits for levels of 
trace metals in leaves of P. tremuloides (ug/g) 
collected near Anaconda, MT., 1978.
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Si te 
(n= )
Di stance 
(km) / As / Cd / Cu / Pb / Zn /
C-Hill
(4)
1.7 28±10 2.9±2.38 54±13 15±0.4 368+316
Haggin
(3)
7.3 12±0 4.5+3.49 22+3 11+3 154+87
Di vide 
(4)
12.0 18±13 9.6±3.13 51±14 14±2 603+89
Knob
(4)
16.7 18±13 8.7±5.40 100+38 17±8 621±360
Deer Lodge 
(4)
30.0 9+10 2.0±.95 9+0.9 10±1 136+75
LaMarche
(4)
35.0 15+10 1.5±.52 12±3 93±76 9+6
150
O o o o  o o o o o O o Oo o o o o o o o Oo o o o  o o o o o o o o
o o o o o o L l o o o
c L1 s3 o03 O œ ro Cx C .1
tn e t CJ Cl c. f J
o ô ô ô 5 5 S o o S o o o § 5  2 2 9  S S $ 2 9  2 2 2 2o o o o o o o c o o o
o o L~ o o o o —' c O' c c T-c T r, c —' ül 0- 7-̂M  M  c  .-J Ijl rn
 o o o o o o o o oo OO O O  O O O  o  O O O
c o o .1 o ü~ ̂1 Jl .1 o o■o =7
o O O o O oo o O O O oo o O O O o
^  Ul o Ul -r-t
03 O- O  o Ul
M f J »-(
œ
g o o o o o o o o o  o o o o o o o o o
o  o  C> O' 03
■>-1 OQ m M rj n n —, ̂  n
C'J T
ooooo o o o o o o o  ooooo o o o o o o o  c o o o o OOO o o o oT ül rr ̂  co ÜTÜTO O'TOO or̂ rj&-ûD OJnr̂  c oo 
rj ~J -H ^
l i i i s i i i i i i i i i i i i i i i i i i i i i
?,i2xsssf!sssï-i-:;d'^'''s£
O O O  O O  O O O  o o o o 
O O O  o o O O O  0 0 3 0  
u l O O O O  o o ül o o o ül
> œ o o < 3 D  O ' 0 ' >  O O O ' O  
f—♦ f# ^  r  J c 4 r'* —1
i l i s i l i i i i i i l i i l i i l i i i i i i i i i i i i i i i i i i i i  
S5SSSSS3SR!^SSËgSSK2SSSSf i2f i =2SSf !SSK?SSSS
: § § : : # § # # § § # : : § H ; ; § « : § 2 # § § H 0 : s 0 0
SSKSS?î!BSP;S3gSF:gRlSSÇ2222d2'^C'J CJ C'J f4 ^  'W rf ( 4 f-# ^ ^
! 2 B § | § P P P i p i ! p p i p 7 | p p | § | | g | | | |
w ̂  ^ ̂  ̂  ̂  ^ ^ ^ r j < r m w ^ r 4 ^ ^ r l ^ o ô ô ô ô o ô  ^ oô o ri w o d - ^ ô ô
o o o o o o o o o oo o o O o o o o o o
U l U l U l o U l U l U l o bl
CI CI n L1 C I C I Cl o n  c  c CJ
CJ U l
O O OO O O o  o  o  o  o  O  o  o  L1 o  LiT 1,-)̂
rj r> rj  c  ci uon n c
o o O O O  o o o o 
o o O O O  o o o okl kl Ul O  Ul ül o  til Ul
rj rs Cl ül Cl Cl ül Cl ci'"t C'J ^  *-4 CI r#
Appendix B-4c (cont.)
Site
Distance
(km) As Cd Cu Zn Pb Fe Mn
Divide 12.0 n.d. 5.10 358.00 189.00 222.00 528.00 1440.00
12.5 4.90 289.00 307.00 196.00 922.00 540.00
12.5 6.55 306.00 205.00 204.00 350.00 645.'JO
LaMarche 35.0 37.5 3.15 65.00 85.00 47.50 288.00 1305.00
12.5 1.60 20.00 80.00 19.50 86.00 2190.00
25.0 1.90 29.00 75.00 26.00 135.00 1665.00
cn
Site
Appendix B~4d
Trace metal levels (ug/g) in V. sccparium roots and P. tremuloides
leaves collected near Anaconda,MT., 1978, (n.d.= not detected).
Distance
(km) As Cd Cu Zn Pb Fe Mn
V. scoparium roots
125.000
Haggin 7.3 75.000
..................................................  75.000
37.500
Divide 12.0 25.000
......................................................_n.d.
37.500
Knob 16.7 25.000
.......................................................75.000
25.000
Seymore 24.2 n.d.
.........................................................n.d.
, ,  12.500
Deer Lodge 30.0 n.d.
  ................................. . 50.000
LaMarche 35.0 25^.000
n.d.
3.000 79.000 192.000 32.000 281,000 1865.000
3.000 50,000 85,000 19.000 257,000 2134.000
2.600 80,000 70,000 34.000 248.000 2190.000
3.600 90.000 136,000 346.000 205,000 2095.000
3.850 122,000 216,000 216.000 264.000 1050.000
3.800 60,000 163.000 230.000 203.000 1605.000
7.500 132.000 206.000 44.000 281.000 1460.000
5.650 95.000 157.000 36.000 242.000 1705.000
5.000 178.000 189.000 100.000 330.000 1360.000
0.500 11.000 20,000 25.000 106.000 2610.000
0.650 10.000 20.000 25.000 109.000 2290.000
0.750 11.000 20,000 26.000 104,000 2890.000
1.200 15.000 38,000 81.000 165,000 2285.000
1,500 20.000 34,000 168.000 236.000 2400.000
1.600 20.000 36.000 196.000 270,000 3105.000
1.450 13,000 60.000 20.000 259.000 3165.000
1.000 13.000 28.000 24.000 336.000 3055.000
1.050 12.000 25.000 21.000 186.000 2265.000
P. tremuloides leaves
25.000 1.850 59.000 203.000 15.500 123,000 45.000
C-Hill 1.7 37,500 2.800 45.000 310.000 15.000 105.000 2 5.0 Of'
25.000 5.050 62,000 658.000 15.000 112.000 5 5 .OuO
................ 25.000 2.100 50.000 302.000 14.500 105.000 50.000
12.500 4.300 23.000 144.000 7.500 76.000 195.000
Haggin 7.3 12.500 6.050 22.000 193.000 10.500 575.000 210.000
12.500 3.250 20.000 126.000 12.000 64.000 165.000
25.000 7.650 57.000 622.000 15.000 119.000 175.000
12.500 8,100 58,000 549.000 14.000 118,000 195.000
Divide 12.0 12.500 11.000 38.000 568.000 13.000 88.000 205,000
25.000 11.600 50.500 673.000 16.000 110.000 190,000
12.500 11.050 110,500 850.000 21.000 170.000 155.000
Knob 16.7
25.000 12.000 110,000 771 .000 18,000 170.000 350.000
25.00C 7.050 115.000 492.000 20.000 134,000 21,5.000
. ................ 12.500 4.650 63.000 373.000 10.000 99.000 130.000
12.500 1.800 7.000 110.000 10.000 /5.0ÜÜ lo o . 000
Deer Lodge 30.0
p.d. 1.400 10,000 94.000 8.500 92.000 90.000
12.500 1.950 9,500 142.000 10.500 100.000 180.000
2.900 8.750 200.000 9.^00 66.000 190.000
12.500 1.600 12.000 140.000 15.000 96.000 105.000
LaMarche 35.0
12.500 
25.000
12.500
1.900 
1.500 
1.100
11.000  
10.500 
14.000
118.000
83.000
30.000
6.500
7.500 
8.000
71.000 
108.000
90.000
112.000
67.000
72.000
cnto
Appendix C-la
Means with 95% confidence limits for trace metal levels in liver and kidney tissues 
of P. maniculatus trapped near Anaconda, MT., 1978 (ug/g). (n.d. = not detected).
Livers
Site 
(n= )
Distance
(km) As
/
Cd
L /
Cu Zn
/
As Cd
/ /
Cu Zn
/
C-Hill
(8)
1.0 .70±1.18 2.5+2.94 21+5 99+21 .98+1.34 11.4+16.8 19±4 85+11
Divide
(17)
12.0 .26+.08 1.7+1.04 29+9 90+7^ .51+.20 6.6+4.5 24+3 104±12
Knob
(8)
16.7 .16+.05* 2.5±2.5* 16+2* 80+10* .05+.23 15+9.2 16+2 86+7
Seymore
(5)
24.2 .05+.04'^ .67+2.86'*' 19+6 81+164' .13+.12 2.4+4.0 17+6 92+14
LaMarche
(2)
35.0 ..07+.09 1.4+7.2 22+0 109+279 .05+.36 2.5+10.8 20+27 103+4
* n=6 
4) n=3 
§ n=16
Ulw
Appendix C-lb
Means with 95% confidence limits for trace metal levels in liver and kidney tissues 
of P. maniculatus trapped near Anaconda and Missoula, MT., 1979, (n.d.= not detected)
Livers Kidneys
Site 
(n= )
Distance
(km) As
/ /
Cd
/
Cu Zn
/
As Cd
/
Cu
/
Zn
/
C-Hill
(9)
1.7 0.14+.12 6.3±2.62 24±5* 113+18 0.28+.31 31+17 24+5 117+14
Divide
(7)
12.0 0.16±.18 1.2+.37 24+5 82+15 0.15+.37 5+1.0 34+7 123±32
Knob
(1)
16.7 n.d. 1.93 22 101 n.d. 7.6 29 109
Seymore
(9)
24.2 n.d. 0.3+.31 26+5 92+9 n.d. 1.2+1.5 27+4 91±8
Rattlesnake 
(Missoula) 
(6) ...
160 n.d. n.d. 19+3 79+5 n.d. n.d. 38+12 124+16
Lab Mice 
(12)
n.d. n.d. 18t2 93t5 n.d. .16+ .32 34+9 111+10
* n= 8 
: n=ll
Ln4̂
Appendix C-2a
Biological data and trace metal levels (ug/g) in livers of P.
maniculatus collected near Anaconda, MT ., (n.d.=not detected).
Site
Distance
(km) Sex Age
Body Weight
( 9)
Tissue Weight
(9 ) As Cd
C-Hill 1.7
Di vide 12.0
M
M
M
F
F
F
F
.E_
F
F
F
M
M
F
F
M
M
F
M
F
M
F
F
F
Knob 16.7
F
M
M
M
........E........
A
A
J
J...a.........
M A
Seymore 24.2 M A
F J
M A
35.0 M A
19.800 
20.000
19.800 
16.500 
20.600 
22.100
15.900 
16.600
29.900 
16.100
8.000
6.800
9.400
16.900 
15.200 
19.700
7.700
16.000
17.400 
22.100
19.600
14.600 
7.500
14.100
23.500
25.500
29.000 
23.300
15.900
13.900 
22.200
20.000
21.900
13.500 
20.000 
20.200
0,130
0.298
0.320
0.206
0,365
0.194
0.230
0,260
0.433
0.189
0.094
0.085
0.099
0.222
0.147
0.267
0.075
0.209
0.238
0.365
0.290
0.220
0.095
0.155
0.280
0.552
0.475
0.245
0.278
0.222
0.249
0.224
0.350
0.266
0.362
0.347
0.271 
0.159 
0.148 
0.340 
4.100 
0.155 
0.162 
0 .2 21  
n.d. 
0.225 
0.186 
0.206 
0.328 
0.237 
0.170 
0.215 
0.700 
0.144 
0. 021  
0.233 
0.480 
0.205 
0. 211  
0.661 
0.153 
0.206 
0 . 1 0 0  
0.235 
0 . 1 0 0  
0,135 
0,171 
0,067 
0.036 
0.056 
0.000 
0.060
n.d.
1.750
1.950
0.510
5.710
9,860
0.340
0.400
3.350
3.300 
n.d. 
n.d. 
n.d.
0.710
n.d.
1.170
1.000
n.d.
n.d.
3.210
4.300 
n.d. -
3.290
1. 020
8.200
2.670
3.950
6.310
0.570
n.d.
1.260
n.d.
2.000
n.d.
1.940
1.800
Cu Zn
32,000 9 2 .OOO
17.000 82.000
23.000 80.000
23.000 98.000
17.000 156.000
26.000 105.000
15,000 82.000
18.000 96.000
15.000 n.d.
18.000 89.000
75.000 109.000
73.000 124,000
43.000 79.000
18.000 85.000
18.000 93.000
17.000 86.000
42.000 81.000
18.000 78.000
16.000 77.000
15.000 73.000
17.000 75.000
19.000 . 110.000
51.000 ' 110.000
23.000 101.000
18.000 75.000
12.000 67,000
15.000 73.000
19.600 9 7,000
18.000 83.000
16.000 83.000
17.000 81 .000
19.000 76.000
22.000 79.600
17.000 88.000
22,000 131.000
22,000 87 .000
en en
Appendix C-2b
Biological data and trace metal levels (ug/g) in kidneys of P.
maniculatus collected near Anaconda, MT., fn.d.=not detected}.
Site
Distance
(km) Sex Age
Body Weight
(g)
Tissue Weight
(g) As Cd Cu 7 n
M J 1 9. 80 0 0 . 0 3 4 0 . 8 0 2 n.d. 12 .5 00 8 3 . OOo
M A 20.000 0 . 0 6 6 0 . 3 7 9 4 . 7 4 0 1 9 . 0 00 U 3 .000
C-Hill 1.7 M
F
A 1 9, 80 0 0.000 0 , 3 1 3 2 . 5 9 0 1 8. 00 0 7 1 . 0 0 0
J 1 6. 50 0 0 . 0 6 0 0 . 4 1 7 2 . 6 2 0 2 1 . 0 0 0 0 1 . 0 0 0
F A 2 0 . 6 0 0 0 . 0 6 9 5 . 0 3 9 2 4 . 1 8 0 2 3 . 0 0 0 1 08 .0 00
F A 22.100 0. 041 0 . 3 6 6 5 7 . 3 8 0 2 0 . 0 0 0 1 0 0 , OOu
F A 15 .9 00 0 . 0 5 5 0 . 2 2 7 n.d. 1 4. 000 7 3. 00 0
F A 16 .6 00 0 . 0 6 8 0 . 221 n.d. 2 1 . 0 0 0 7 8 . 0 0 0
............. '29.900 0 . 1 24 n,d. 9 . 1 0 0 2 3 . 0 0 0 8 4 . 0 0 0A 1 6. 000 0 . 0 4 4 0 . 3 4 0 n.d. 1 9. 000 7 8. 00 0F J 16. 100 0 . 0 9 0 0 , 3 3 0 4 . 3 3 0 1 3 . 00 0 6 3 . 0 0 0
F j 17 .400 0 . 0 4 9 0.100 n.d. 2 4 . 0 0 0 1 34 .0 0 0
2 2. 00 0 0 . 0 74 0 . 3 4 0 1 7 . 9 0 0 1 9. 00 0 8 5 . 0 0 0J 19. 600 0 . 0 7 0 0 , 8 2 0 2 2 . 1 0 0 1 8. 000 0 4 . 0 0 0
2 3 .5 00 0 . 0 5 4 0 . 7 9 0 3 8 . 1 5 0 2 6 . 0 0 0 1 3 1 .0 0 0
Divide
1 4. 600 0. 061 0 . 2 0 5 2 . 5 8 0 2 7 . 0 0 0 124,000
12.0 F A 7 . 5 0 0 0 . 0 3 7 0 . 5 4 0 2 . 7 0 0 3 2 . 0 0 0 1 26 .0 00
1 4. 100 0 . 0 4 7 0 . 1 6 0 6 . 6 5 0 3 0 . 0 0 0 1 35 .0 00
8.000 0 . 0 3 6 0 . 3 2 9 n.d. 2 7 . 5 0 0 1 01 .0 00
M 8 . 8 0 0 0 . 0 3 4 1 . 3 20 n.d. 16 .0 00 7 6 . 0 0 VJ. 9 . 4 0 0 0 . 0 3 4 0 , 9 6 0 n.d. 2 9. 00 0 162. 00 0
E i 1 6. 900 0 . 0 4 2 0 . 2 4 0 0 . 7 1 0 18.000 85.000
M A 1 5. 200 0 .0 31 0 . 1 6 0 n.d. 2 5 . 00 0 7 5 . OuO
M A 1 9. 700 0. 051 0 . 4 9 0 8.  170 2 5 . 00 0 9 3 . 0 0 0
M J 7 . 7 00 0. 031 1 . 6 00 n.d. 3 9. 00 0 137.  OOi}
..............F.............. ..............A............... 0 . 0 0 4 1. 100 1 8. 600 J 6 . 0 0 0 9 2 . OOO
F A 2 9 .0 00 0 . 0 9 8 0 . 3 5 7 1 6. 740 16.000 8 7 . 000
M J 14. 000 0. 051 0 . 3 9 2 n.d. 1 7. 000 7 6 . 0 0 0
M A 2 3 . 3 0 0 0. 051 0 . 5 0 8 3 3 .1 90 1 2. 000 Vu. OOu
Knob 16.7
M A 2 3. 10 0 0.000 0 . 2 0 4 1 5. 100 1 5. 000 9 2 . vOu
M J 15 .90 0 0 . 0 6 4 0 .3 91 4 .180 18. 000 7 1 . uOu
M A 2 3 . 10 0 0 , 0 8 7 0 . 2 0 7 1 7. 96 0 10 .0 00 8 7 . OUO
......... f ......... A 2 2. 20 0 0 . 0 4 8 0 .5 21 2 . 1 8 0 1 7. 000 90.0( ,0
F A 2 4. 10 0 0 . 1 1 2 0 . 1 1 2 2 . 1 0 0 2 2 . 0 00 97 .0(,0
F A 2 8. 30 0 0 . 1 2 7 0 . 1 9 / 1. 640 13 .0 00 9 3 . 00 0
Seymore 24.2 FM
A
A
2 0 . 00 0
2 1 . 90 0
0. 041
0 . 0 87
n.d.
0 . 0 8 6
n.d.
8 . 0 5 0
10 .4 00  
2 1 .OOo
9 2 . 00 0  
105. 00 0
F J 13 .60 0 0 . 0 6 0 0 . 2 5 0 n.d. 19 .000 7 5 . oOO
M A "20.000 0 . 11 4 0 . 0 2 0 3 . 4 2 0 18 .10 0 1 0 6 .0 0 0
LaMarche 35.0 ■ M A 20 .2 00 0 . 0 9 4 0.000 1. 600 2 2 . 10 0 100.000
cn
Appendix C-3a
Biological data and trace metal levels (ug/g) in livers of P. maniculatus
collected near Anaconda and Missoula, MT., 1979, (n.d.= not detected).
Distance 
Site (km) Sex Age
Bod| Weight Tissue Weight
(g) As Cd Cu Zn
M J 'J0.700 0 . 3 3 0 0 . 1 5 0 6 . 9 7 0 2 0 . 0 0 0 8 2 . 0 0 0
M J DÜ.6ÜÜ 0 , 2 7 6 0 . 4 3 0 9 . 5 0 0
2 2 . 00 0 9 7 . Ouü
M J 17.VOO 0 . 1 9 8 0 . 2 5 0 12 ,020 3 5 . OuO 1 68 .0 00
C-Hill 1.7 J
1 7. 200 0 . 3 3 2 n.d. 1 . 5 8 0 2 0 . 0 0 0 1 0 4 , OOU
M
F
A 2 2 . 9 0 0 0 . 3 5 0 n.d. 2 . 3 6 0 2 4 . 0 00 1 12.000
A 1 7. 40 0 0 . 2 7 8 n.d. 7. 470 26.U0Ü 1 04 .0 0 0
1 7 . 5 00 0 . 2 5 9 5 . 1 2 0 7 9 . 5 0 0 1 16 .0 0 0
F
J
J 2 2 . 90 0  tl 400
0 . 3 6 0
0 . 3 4 5
0?2*15
0 . 2 9 0
3 . 6 8 0
7. 030
2 3 . 00 0
2 1 . 00 0
1 1 2 . Ouü 
1 23 .0 00
■ -- ■ 1-1..'00 0 . 1 9 7 0 . 440 1 .260 3 3 . 00 0 v4 .0(K)
J I / . 1 0 0 0 . 2 9 6 n.d. 1 .940 10.000 9 7 . 0 0 0
J 15. 100 0.  2 1 0 . 2 8 0 1 .480 2 0 .Ouu >̂3 . ut lU
Divide 12.0 F
F
J
J
15 .0 00
17. 900
0 . 2 6 /
0 , 2 9 3
0 . 3 7 0
n.d.
l . 220  
0 . 6 0 0
2O.UO0
2 0 . 0 0 0
65,  (>'K) 
7 1 .üuO
F J 1 f , . 000 0 . 2 6 5 n.d. 1. 230 2 4 . 0 0 0 8 5 . ouü
[ A l ù .2 0 0 0 . 2 7 2 n.d. 0.  730 2 4 . 0 0 0 9 9 . 0')0
J 1 6. 900 0 . 3 3 7 n.d. 1. 930 . i j  .OOo 101. 00 0
J 16 .200 0 . 3 0 5 n.d. n.d. 2 0 . 5 0 0 74 .0(M)
M J 15 .000 0 . 2 8 2 n.d. n.d. 2 7 . 00 0
9 7 . 000
A 20 .60 0 0 . 3 6 6 n.d. 0 . 5 5 0 3 6 . 00 0 97,00' . '
F A 15. 400 0. 381 n.d. n.d. 2 4 . 0 0 0 9 0 . 0 0 0
Seymore 24.2 J 15.700 0 . 2 7 9 n.d. 0.  990 3 l .000 U5. 000
F J 14.700 0 . 2 1 8 n.d. n.d. 2 7 . 00 0 1 1 4 . OOO
A 2 4. 00 0 0 . 3 / 5 n.d. 0 . 5 3 0 2 7, .000 8 0 . 0 0 0
F A 19. 900 0 . 4 0 7 n.d. 0 . 8 0 0 2 7 . 000 L 0 0 . OuO
F A 19. 000 0 . 3 9 6 n.d. n.d. 1 5 , uOU 83.  00')
A 23.7000 0.326 n.d. n.d. 18.0000 85.900
Rattlesnake A 24.9000 0.471 n.d. n.d. 17.2000 79.000
(Mi ssoula) 160 A 28.3000 0.340 n.d. n.d. 16.0000 79. OO'O
F A 19.1000 0.466 n.d. n.d. 17.0000 32.000
F A 24.6000 0.466 n.d. n.d. 24.0000 70.100
____ M............ .........ô_____ ...........ZZ.2000____ ____ QJZi............. ____BhOÛÛ-
M A n.d. 0.363 n.d. n.d. 15.100 96.000
F A 21.600 0.257 n.d. n.d. 25.000 98.000
M A 25.100 0.3^3 n.d. n.d. 19.000 100.000
M A 22.700 0.253 n.d. n.d. 22.000 92.000
M A 23.900 0.461 n.d. n.d. 18.000 73.000
Lab Mice F A 21.600 0.375 n.d. n.d. 17.000 98.000
M A 24.000 0.394 n.d. n.d. 15.000 95.000
(Missoula ) F A 20.600 0.360 n.d. n.d. 15.000 81.000
M A 28.100 0.402 n.d. n.d. 20.000 94.000
M A 20.600 0.414 n.d. n.d. 16.000 95.000
F A 16.700 0.289 n.d. n.d. 17.000 90.000
M A 18.900 0.271 n.d. n.d. 19.000 104.000
Ln-vj
Appendix C-jb
Biological data and trace metal levels (ug/g) in kidneys of P. maniculatus
colle ted near Anaconda and Missoula, MT., 1979 , (n.d.= not detected).
Distance Body Weight Tissue Weight
Site (km) Sex Age (9) (g) As Cd Cu Zn
M J 2 0 . /vu 0.070 ü. 150 6.9 51 2 0 . 00(' iJ2 .(jOü
M J 20.600 0.054 0.690 6 . 4 ( 10 26.000 1 .’0 .009
M 0 l ^',.'00 0.064 0. 790 29 , 60(' .34 .000 1 2 '. 000
C-Hill 1.7 M J 1 ' .2 'M 0.060 n.d. 1 1. 750 r^.ooü 14,,. i'UO
M A 22.900 0.074 n.d. 5 7 , 4vO 20,000 t 25 .uOO
F A 0.077 n.d. 7,4 70 26,000 11' 4 . uO' 1
J ly . i .oo 0.065 n.d. 16 .54 0 .11 ,uÜO 112.OOo
F J 22.900 0 .00  / n.d. 4.% ,390 17.000 12 1 .Oi'i.
........&........ 21 .tjOO 0.002 0.590 20,220 23,1 oO 115.OOu
F J H  .200 0.046 n.d. 4. 170 47.000 </'J , 00!i
J 17 . jOO 0.060 n.d. 4.700 17.000 111 ,000
J ID . 100 0.051 1 .050 5 ,390 27 . oOo 1 4 2,000
Divide 12.0 F J 15.000 0.041 n.d. 6.71 0 2 / .000 t ’ / . Ooij
F J J 7.000 0.050 n.d. 5. /,00 14.OOO 146 , 000
F J 16.000 0.061 n.d. 3.2Ü0 '75.000 90 .00 0
........ ........ô____ 16.200 0.065 n.d. 5,000 45,900 1 ■ 2 , 001.
J 16.900 0.069 n.d. 7.610 29.0(51 109.000
J 16.^00 0.06.1 n.d. n.d. .311.000 95,000
J 15.1100 0.053 n.d. n.d. 2u . (.'Ou ’/O . 000
A 2 0 . 60 0 0 . 0 7 0 n.d. n.d. 2 7.000 ! iu . 000
F A 15. 400 0 , 0 6 0 n.d. n.d. 25,000 11.I . uuO
Seymore 16.7 J 1 5. 700 0 . 0 6 5 n.d. n.d. 21.000 1:5 . uOu
F J 1 4, 700 O.OOJ n.d. n.d. 2 . ' ,00o 1 ,4 .uOO
A 2 4 . 00 0 0 . 0 60 n.d. . 5:10 29 .ovv '6 1 , UOu
F A 1 8. 900 0 . 0 7 5 n.d. ,'i,6 2 ., OOO
........E........ ____ô........ 1 9. 000 0 . 0 9 0 n.d. .5, Ouü 27. .0 0(1 Ou, ÙOO
A 23.700 0.053 n.d. n.d. 34.000 127.Mono
P.attles'uke A 24.900 0.073 n.d. n.d. 33.000 114.00(17
(Mi ssOv.ld 1 160 A 28.300 0.067 n.d. n.d. 21.000 120.01100F A 19.100 0.042 n.d. n.d. 38.000 111.0000F A 24.500 0.041 n.d. n.d. 55.000 121.0000
152,0000..O.Q§2 Q d ........... Û j _____
A n.d. 0.045 n.d. n.d. 42.000 127.000F A 21.600 0.049 n.d. n.d. 2y .000 92.000A 25.100 0.044 n.d. n.d. 57.000 133.000A 22.700 0.042 n.d. n.d. 34.000 125.000
Lab Mice
A 23.900 0.048 n.d. n.d. 25.000 109.000F A 21.600 0.041 n.d. n.d. 5Q.nnn 112.000
(Missoula) F
A
A
24.000
20.600
0.055
0.045
n.d.
n.d.
n.d.
n.d.
23.000
20.000
98.000
93.000A 28.100 0.068 n.d. 1.88 21.000 95.000A 20.600 0.048 n.d. n.d. 21.000 119.000F
M
A 16.700 0.032 n.d. n.d. 34.000 121.000A 18.900 0.039 n.d. n.d. 40.000 n.d.
Ul
00
